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SUMMARY 
Seven domestic gas stoves revresenting several types of surface burners and burner 
assemblies and various conditions of oven construction have been studied to determine 
their performance, primarily from the point of view of a comprehensive set of technical 
tests. Finall y, the performance as determined by the technica l tes ts was compared with 
the performance obtained from a se ries of cooking tests. 
The stoves were operated on natural gas of average heat content of 1,009 B.t.u. 
per cubic foot, average specific gravity of 0.72, and at normal pressure of 7 inches of 
water. Gas volume was measured with a 10-light wet test meter; temperatures were 
measured with copper-constantan thermocouples connected to a Leeds & Northrup 
portable potentiometer, and gas anal ysis was determined with a Burrell Orsat apparatus 
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for CO2 a nd 0 2, and with an iodine-pentoxide appara tus for CO. All tests were per-
formed in a temperature-controlled roorn. 
Cooking Top Performance 
The following tests were used to analyze perforrnance, therrnal efficiency and time 
of heating for both short and long periods of heating, heat distribution of the burners, 
flue-gas analysis, automatic-lighter tests, boil-over tests, and actual cooking. 
The efficiency was determined by heating water from an initial tempera ture of 75 ° 
F. to a final temperature of 200 ° F . Six aluminum and two enameled utensils varying 
in capacity from 1 quart to 8 quarts were used in the efficiency tests. With the weight 
and specific heat of the pan and the water known, the amount of heat necessary to 
raise the temperature from 75 ° F. to 200 ° F. could be computed. This was the out-
put. From the vol ume of gas used to raise the temperature through the 125 degrees 
of change, the input was calcu lated. For the short-time tests the ratio of these two 
quantities was taken as the thermal effic ienc y. For the long-time tests the radiation 
and convection loss at the boiling point of water was included in the output, the input 
being calculated as for the short-time tests. 
Because of the effect of temperature on gas rate the periods of heating for a ll 
burne rs were corrected to a common basis. 
The distribution of heat from the burners was determined from scorch patterns 
produced on white blotting paper wh ich covered the bottom s of iron and aluminum 
skill ets . From a practica l point of view, the distribution was observed by the pan 
broiling of steak. 
Sarnples of flu e gas were removed frorn a suitable hood placed over the burner, on 
which was placed a 7 ½-inch-diarneter pan containing water. The gas was analyzed 
for CO2, 02, and CO. T he CO conte nt was computed on the basis of the percentage 
of CO in a 1,000-cubic-foot room by the method presented in Arnerican Gas Asseciation 
"Approval Requirements for Gas Ranges." From the gas anal ysis, the excess air and 
hea t loss through the flue were computed. 
Autornatic ig nition tests were conducted according to the specifications of the 
America n Gas Association laboratory. Pilot lights were adjusted according to manu-
facturers' recommendations and then the pressure was reduced to 3 ½ inches of water. 
At this pressure the times for ig nition and re-ignition were recorded. 
Boil-o ver tests consisted of attempts to clog the burners and lighter assernblies at 
the burners with either a soap or a starch so lution. When the soap solution failed to 
clog, starch solutions were used . 
The results for the efficiency tests showed that efficiency depended upon the size 
and kind of utensil , upon the construction of the burner in the stove, and upon the 
type of stove top and grate construction. It was found that efficiency could be changed 
by modifying any of these factors. The efficiency was fo und to be independent of the 
quantity of water used, the length of the injector tube, and the gas rate, provided a ll 
factors other than gas rate were kept unchanged . Furthermore, efficiencies determined 
for the long-time tests we re comparable with the average efficiencies for the short-time 
tests. Averages of all the short-time efficiencies for pans 1 to 6 (3-quart to 8-quart 
capacity) showed that the burner assembl ies for stoves A to F ranked in the following 
order, with the following efficiencies: 
Burner Efficiency Burner Efficiency 
Rank assembly (Per cent Rank assem bl y (Per cent) 
!st F 44.49 5th A 39.65 
2nd B '34 41.89 6th C 37.50 
3rd B'35 41.22 7th E 35 .52 
4th D 41.09 
These may be considered as the general efficiencies to be expected from these burner 
assemblies . The results of the cooking tests produced an identical ranking. 
Time of heating was found to be a function of the gas rate and the effic iency; the 
most ra pid heating was acco mpl ished with the highest gas rate and the most effici en t 
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burner assembly. Care, however, must be exercised 
that the burner will not produce carbon monoxide. 
of 9,000 B.t.u. per hour may be used . 
in choosing the gas rate in order 
For the ordinary burner, an input 
The heat distribution from the burner as determined by the scorch-pattern method 
was a function of the skillet as well as the shape of the burner. In general, the 
distribution is fairly uniform for an aluminum skillet. Because iron is a poorer con-
ductor of heat than aluminum, the iron skillet best revea led the areas of high 
temperature. From the practical point of view the heat distribution for both skill ets 
was uniform enough to produce well browned and evenl y cooked steaks. 
The principal conclusion to be drawn from the automatic ignition tests was that 
automatic lighters were not alwa ys successful in lighting the burners. Assembly types 
A, C, and F had the best lighters. 
The boil-over tests on burner assem blies showed that types C and F were the only 
ones that could not be clogged. The remaining asse mblies either clogged in the burner 
or in the lighter tube at the burner. 
In general, g iven technical data regarding the performance of the surface burners 
of the types studied , the performance of similar types can be pred icted. These data 
will also furnish a basis fo r pred icting the cost of operation for actua l cooking. 
Ovens 
Oven tests consisted of a calibration of the thermostat, a determination of the oven 
heat capacity, a determination of the rate of cooling from an initial temperature of 
550 ° F., a determination of the empty-oven heat loss, surface temperature distribution, 
internal temperature distribution, open-door heat loss, and finally an analysis of the 
flue gas . After all the tests were performed, attempts were made to improve the oven 
performance on ovens B '35 and F by modifying the burner design. In order to check 
the performance under practical conditions, bread , butter cake, sponge cake, custard, 
apple pie, and biscuits were baked in the oven. To observe the performance for long-
time cooking, rolled r ib roasts were roasted. 
Oven dial settings at 400 ° F. were adjusted to agree with a 400° F. average 
oven temperature measured by five copper-constantan thermocouples connected in 
parallel and arranged on the diagonals in the mid-plane of the oven . After adjustment, 
temperatures were checked for intervals of 50 degrees, starting at the 250 ° F. mark. 
Results showed that if an em pty oven could be maintained at 300 ° F ., a loaded oven 
could be maintained at approximately 250 ° F. Whenever low temperatures could not 
be maintained , the fau lt was usuall y found in the burner design and not in the thermo-
stat. In general , thermostats were found reliable. 
T he American Gas Association requirement for the oven heating capacity was 
fo llowed and all of the ovens were found to fu lfill the requirement. 
The thickness of insulation seemed to be the criterion for rate of coo ling . The 
thicker insulation produced a slower rate of cooling. A qualitative measure of heat 
lost through the flue was shown by oven E, which had a damper in the flue. The 
damper closed automatically when the gas was turned off. 
The heat- loss data revealed that although all of the ovens were insulated, some 
rather heavil y, much heat was lost. A great amount of the heat loss could be accounted 
for as passing th rough the flue and the poorl y fitting doors . The effecti veness of the 
insulation in keeping the exterior surfaces at low temperatures was shown by the surface 
tem peratures. The heat distribution within the oven could be considered as quite 
uniform. 
The baking and roasting tests showed that good products could be obtained from 
all ovens. According to the amount of heat required to perform the various operations, 
the ovens ranked in the following order : E, B, D , C, A, F, the first letter denoting the 
oven ranking in fir st p lace and the last letter the oven in sixth p lace. 
It is concluded for ovens that the data obtained for the six ovens studied do not 
form a basis for pred icting the performance of other ove ns. The performance of an 
oven seems to depend on the va riable factors of construction. In order to measure 
performance with certainty, each oven should be tes ted. 
A Study of Selected Types of Domestic 
Gas Stoves 
ARNOLD E. BARAGAR 
During recent years several detailed investigations have been made 
concerning the proper design of domestic gas burners but there seems to 
be a need for information as to the performance of the burner when used 
in the modern gas range. Fortunately gas equipment must pass a set of 
exacting tests performed in the American Gas Association Testing Lab-
oratory before being placed on the market as approved equipment, but 
as is emphasized in the preface of the A. G . A. "Approval Requirements 
for Gas Ranges" these are a set of minimum requirements. To the general 
public the great need is a knowledge of the maximum performance and 
not the minimum. Since there was nowhere to be found literature which 
would give such data, this investigation was designed to study the 
mechanical and technological features of various types of gas stoves 
operating on natural gas with emphasis on the performance of surface 
burners and ovens, and to determine what the optimum of requirements 
must be to meet standard cooking practices most satisfactorily and 
economically. 
During the period from September, 1933, to June, 1934, six stoves 
representing various types of surface burners and ovens were purchased 
for testing purposes Two of the stoves were table-top models and four 
of them were console models. The stoves were purchased from open stock 
either through a local dealer or direct from the factory. Since the primary 
interest is type of burner, burner application, and type of oven, and not 
the testing of any particular brand of stove, all designations will be made 
by letter. The essential variable characteristics will be enumerated as 
needed throughout the bulletin. 
TYPES OF SURFACE BURNERS STUDIED 
During the period of this study there were six types of surface burners 
being used on gas stoves in the United States. They were ( 1) the eight-
arm or, as sometimes called, the star burner, (2) cast-iron round burner, 
(3) die-cast round burner, (4) Y-type, (5) daisy, and (6) continuous or 
ribbon flame. These various types of burners and applications are shown 
in Figures 1 to 7. 
Burner and application Type G is an eight-arm, double--duty burner 
built in a test box for laboratory investigation. The burner was covered 
by an open grate and there was no burner pan or bowl surrounding the 
burner. Type H burner and application was similar to Type G except 
1 Design of atmospheric gas burners, Bureau of Sta ndards Tech. Paper 193, 1921; Desig n of gas 
burners for domestic use, Bureau of Standards Circ. 394, 1931; A method of determining the most 
favorable design of gas burners, Bureau of Standards Journal of Research, Research Paper 446, 1932; 
Domestic gas burner design and application, R. M. Conner, American Gas Association Monthly, Feb., 
1934; chapter on burner design in "Combustio n" publi shed by A. G. A., 1932. 
During the testing period, several manufacturers introduced burners of the types considered but 
varying in construction and application from those used on the six stoves. Hence in order to com-
plete the study, seven more stoves contai ning features not already tested were purchased . The results 
for these stoves will be published in a later bulletin. 
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FIG. 1.- Burncr and application type A, showing eight-arm burner and air plates. 
Small utensil is pan l and large utensil is pan 6. 
FIG. 2.- Burner and application type B, showing round cast-iron burner, d rip pan, 
open grate, and pan 2. 
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FIG. 3.-Burner and application type C, showing round die-cast burner, drip pan, 
open g rate , and pan 5. 
7 
FIG.4.- Burner and app lication type D, showing round die-cast burner, so lid top with 
burner bowl, open grate, pan 7 next to oven, and pan 3 on o utside g rate. 
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FIG. 5.-Burner and application type E, showing daisy burner with drip ring. Top is 
heavy cast iron . Front g rate referred to as open grate and left rear grate as solid 
grate . The right rear opening is a th ermowell. 
FIG. Burner and applicatio n type F. showing continuous flame burner. burner 
bowl, and grate . Large utensil is pan 4 and small utensil is pan 
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FIG. 7.----Grouping of va rious types of bu rn ers. The th ree burners on the left are rou nd 
die-cast; the fir st and thi rd burners on th e right are rou nd east iron ; two styles of 
continuous flam e burners are behi nd the gas cocks and the front round cast-iron 
burner; the right rear bu rner is the Y type ; while the cen ter rea r is a do uble-duty 
eight-arm burner, and in front of th e eight-arm burner is the daisy type burner. 
The gas cock in the left fro nt is a double-d uty cock, while the right fro nt cock is 
a single duty. 
that the Y-type burner was used . The Y-type burner is shown in the 
upper right-hand corner of the burner g roup in Figure 7. Befo re the stove 
havi ng Type E burner was purchased, thi s burner and its application we re 
studied in the test box . In references to the data covering these tests, the 
burner and application w ill be desig nated as type J. T ypes G , H , and J 
are not shown by figures, but the co nstru ction of the tes t box is described 
in Appendix Jll. 
In order to evaluate the va rious types of bu rners, th e fo llowing tests 
were outlined: ( 1) short-time tes t to determine efficiency and time of 
heating, (2) long-time test to determine the efficiency when eva poration 
of water is considered, (3) the heat di stribution from the burner, ( 4) Bue-
gas analyses fo r excess air, carbon dioxide, and ca rbon monoxide, (5) 
automatic lighter tests, ( 6) boil-over tests to determine whether or not a 
burner would clog, and (7) actual cooking tests to co rrelate the technical 
tests with p ractical tes ts. 
UTENSILS USED ON SURFACE BURNERS 
In determining the efficiency of a surface burner, not o nl y must the 
burner application be noti ced , but the size and kind of utensil used must 
be considered. T able 1 lists the essential characteri stics of the utensils. 
Each of the pans used fo r efficiency tests is shown in one of the Fig ures 
1 to 6. The skillets listed in T able 1 were used fo r scorch patterns and 
pan broiling of steaks, while the d rip-Jrop roaster was used fo r surface 
meat cookery. 
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Utens.1 
No. 
I 
2 
3 
4 
5 
6 
7 
8 
9 
10 
II 
Utensil 
No. 
5 
6 
7 
8 
9 
10 
11 
TABLE I .-Essential characteristics of utensils. 
Type 
Sau ce pan 
Sauce pa n 
Sau ce pan 
Sauce pan 
Stock kettle 
Stock kett le 
Sauce pan 
Sauce pan 
Ski llet 
Ski l let 
Drip-drop roa.ster 
Weight 
Mate ri :d 
Rolled aluminum 
Cast a luminum 
Green en:1mel 
White ename l 
Rolled a luminum 
Rolled alumi num 
Ro ll ed aluminum 
Rolled a luminum 
Cast aluminum 
Cast iron, b lack 
Cast iron 
Diameter 
of bottom 
Inches 
7.000 
7.875 
7.250 
8.250 
7.875 
9,000 
5.375 
4.375 
9 .250 
9.500 
9.000 
Hei ght 
I nchu 
4.250 
4.750 
4.250 
5.000 
6.875 
6,875 
4.250 
3.250 
2 .000 
1.870 
4.250 
Without With Condi tio n of bottom 
cover cover 
lbs. lbs. 
0.930 1.11 7 Recessed 
1.672 2.273 Concave upward, slight 
1.508 2.008 Co ncave u pwa rd, great 
1.922 2.586 Concave upward, great 
0.821 1.03 1 Concave upward, great 
1.578 1.922 Recessed 
0.554 0.687 Concave downward, slight 
0.410 0.523 Recessed 
2.023 Concave downward, great 
4.759 Concave downward, great 
5 .828 9.757 Flat 
OVENS STUDIED 
I Radiati o n and Capacity con vectio n loss 
Qwirn 
3 
4 
3 
5 
6 
8 
2 
I 
B.t.11. / min. 
5.12 
6.77 
7.60 
11.00 
5.92 
7.60 
Lid fits pan 
Tigh tly 
Tightly, vapor seal 
Poorly 
Fa irly well 
Tightly, clamped 
Tight ly 
Tight ly 
T ightly 
Tightly 
The essential features of the ovens studied are listed in Table 2. It 
will be noted that the ovens varied sufficiently in construction so that 
several contrasting features could be investigated . In order to estimate the 
performance of an oven the following tests were made: ( 1) calibration of 
the thermostat, (2) preheat tests to determine the energy and time neces-
sary to preheat an oven to a predetermined temperature, (3) heat loss of 
empty oven, ( 4) heat loss when oven door is opened, (5) rate of cooling 
of oven from an initial oven temperature of 550 ° F ., (6) temperature 
distribution in the oven, (7) surface temperatures, (8) flue loss, and (9) 
actual baking, roasting, and broiling. 
T ABLE 2.-0ven dimensions and essential features. 
Interior dimensions Thermostat Racks- a ll non -tilt type 
I I I 
g ~ 
I 
C 1- C I u E ·::: ~ u" 0 ~ u u 5 .<: f. -5 MC ~ g ~:~ e: ~ V, ~ ~ ~ E -i5 
" 
--" T ype Location ~~~ ~ 0. 0 ;;;,~ """ 0 i Q .= -5 ~o M 0 C U ~ no ~i > "'0. 
- .0 " 
In . In. In. Cu. ft. In. No. fo. In. 
A 16 13 19 2.29 Top- 2 Carbon rod, Lower left Fair 5 1¼ 2 Y., 
Sides- I copper tube side at front 
B 16 13 20 2.40 11 / 16 Carbon rod, Back, Fair l i/4-3 1/, l j,s 
copper tube near top 21/ g 1 
C 16 14 181/, 2.39 11/8 Porce la in rod Top , at Fa ir 4 21/8 11/, 
coppe r tube front 
D 16 13 18 1/, 2.23 11/, Bi-metallic Lowe r left Fair 21/, 2¾ 
strip side a t front 
E 18 12 18 2.25 Carbon rod, Top- ½ Excellent 9/ 16 2 11/8 
copper tube from fro nt 
" 
16 \3 ~~ 19 1/, 2.39 11/, Carbon rod, Bottom, Poor 5 2 j-i 21/, 
copper tube at back 
1 Interva ls measured from the bottom between successive rack posit ions toward the top. 
2 Between the fourth and fifth rack posi t ion the re is an interval of I¾ inches . 
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BROILERS 
Although no technical studies were conducted upon the broilers in the 
various ovens studied, the broilers were given consideration. Such items 
as spacing of broiler racks, type of broiler pan, interior finish, ease of 
cleaning, and performance of broiling burner were observed by broiling 
large sirloin steaks. The essential dimensions of the broilers are given in 
Table 3. Broiler E had a separate broiling burner with the broiling com-
partment over the oven. Broilers B, C, D , and F were built with drawer-
type broiler compartments. In broilers A and E the broiler side walls and 
racks were stationary so that only the broiler pan was removable. It is 
obvious that the drawer-type broiler is more convenient to use. 
TABLE 3.- Broiling compartment dimensions. 
Interior dimensions 
Broiling Rack Interval 
Broiler area 1 positions between 
Width Height Depth racks 
In. In. fo . $1_. in . No. In. 
A 16 9 19 106.4 5 11/ 16 
B '342 16 8 20 112.0 5 ¼ 
C 16 7 18¼ 103.6 5 ¾ 
D 16 6¼ 18¼ 103.6 4 I 
E 18 7 18 113.5 6 9/ 16 
F 16 8¼ 19 ¼ 109.2 5 ¾ 
1 Broiling area- 35 per cent of the cross-sectional area of broiler compartment in the broiling plane:. 
The data for B '35 were identica l with those of B '34. 
All of the broiling compartments were finished with porcelain enamel. 
The broiling trays varied from enameled pans with ordinary wire racks 
to aluminum and chromium finished pans with special types of racks. 
THE GAS SUPPLY USED IN THE TESTS 
The gas used for the tests was supplied by the Iowa-Nebraska Light 
and Power Company. It was natural gas of heating value approximately 
1,000 British thermal units per cubic foot and average specific gravity of 
0.72. The gas comes to Lincoln from a mixing station at Clifton, Kansas. 
At this station the heating value is recorded continuously by a Thomas 
recording calorimeter. Since the heating value of the gas remains essen-
tially constant, it was found that the daily average reading of this calorim-
eter was sufficiently accurate for the computation of results of tests per-
formed in the laboratory. A daily record of the heating value was kept 
and the average heating value over a period of one year was found to be 
1,009 B.t.u. per cubic foot, with a variation amounting in some cases to 
about plus or minus one per cent.3 This value of 1,009 B.t.u. per cubic 
foot was used for the computation of results.4 
In the gas distribution system in Lincoln each consumer has a pressure 
regulator controlling the gas supplied to his equipment. The average 
3 The dai ly average heat ing value was furnished throug h the cooperation of the Iowa-Nebraska 
Light and Power Company . 
4 With a change of ± 1 per cent in the heating value the thermal efficiency results are affected by 
about o nly ±0.5 per cent . 
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pressure used is about 4 inches of water. For the testing in the laboratory, 
howeve r, a pressure of 7 inches of water was used . This follows the 
specifications of the American Gas Association Testing Laboratory .5 
In order to complete the analysis of some of the tests performed, it was 
necessary to know the composition of the gas. The composition does not 
remai n constant, since it is necessa ry to change the mixture at Clifton, 
Kansas, with gases from different fields in order to maintain a gas of 
FIG. 8.-A section of the laboratory showing the pressure regulator (ex treme right), 
the meter ca libration tank , a nd the wet test meter. The hood and bottl es at the 
stove were used to obta in samples of Aue gas from the surface burners. 
about constant specific gravity and heating va lue. However, for the com-
putation of results it was determined that an average composition would 
serve the purpose. From the records at the meter testing station of the 
Northern Natural Gas Company it was found that an average composition 
was 69 to 70 per cent methane (CH 4 ); 16 to 17 per cent ethane 
about 1.5 per cent oxygen ( 02); a trace of carbon dioxide (CO2); and about 
12 per cent nitrogen The specific composition used for calculation 
of results is given later in the text. 
THE TYPE OF MEASUREMENTS INVOLVED 
An analysis of the surface burners and ovens requires three types of 
measurements, i.e., the measurement of gas volume, the measurement of 
Approva l Requirements for Gas Ranges G. A C leveland, Ohio, 1934 and 1936. 
The percentage for ethane also inc lu des some of the higher hydrocarbons, principally propane 
and butane
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F,c. 9.- A section of the laboratory showing the gas-analysis apparatus and the 
cooling system. 
temperatures, and the measurement of flue-gas composition. The apparatus 
used for the testing is shown in Figures 8 and 9. Briefly, the gas volume 
was measured by a IO-light wet-test meter operating at the normal pressure 
of 7 inches of water. Changes in the specific gravity were obtained with 
a calibrated fixed orifice. Barometric pressure was observed with an aneroid 
barometer set to agree with those in the United States Weather Bureau 
office at Lincoln. All temperatures were recorded with copper-constantan 
couples connected to a Leeds & Northrup portable potentiometer. A 
Burrell Orsat apparatus was used to analyze the flue-gas samples for CO2 
and 0 2, while an iodine-pentoxide apparatus was used to determine the
CO content. All weighing was done on a Fairbanks beam-balance with 
standardized weights ranging from 5 pounds to 1/ 16 ounce. A complete 
description of the laboratory and apparatus is given in Appendix I. 
SETTING THE ORIFICE FOR PROPER GAS RATE AND THE ADJUSTMENT 
OF THE BURNER 
Domestic gas burners are built to operate at a definite B.t.u. input and 
as pointed out in the papers on burner design, the burner must be flexibl e 
enough to allow for various operating conditions and service. In this 
investigation the essential dimensions of a correctly designed universal 
atmospheric gas burner as listed in Conner's paper in the A. G . A. 
Monthly have been used as a basis for all burner computations and 
analysis. These specifications are listed for reference in Table 4. Figure 
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10 is supplied as a further reference for the various burner terms used 
in Table 4. 
It is evident that the amount of gas consumed and the amount of air 
required for complete combustion must be considered in the adjustment 
of the burner. In the laboratory the orifices were adjusted first to comply 
with the recommendations of the A. G. A. Testing Laboratory, namely 
that a regular surface burner shall be adjusted for an input of not less 
than 9,000 B.t.u. per hour, an oven burner for not less than 8,000 B.t.u. 
per hour for every cubic foot of oven space when the oven volume does 
not exceed 2.4 cubic feet, and a broiler burner for not less than 140 B.t.u. 
per hour per square inch of broiling area. 
T ABLE 4.-Essential dimensions of atmospheric gas burners. 
No . Item 
I. Capacity B.t.u ./sq. in . port area. 
2. Capacity B.t.u ./sq. i n. cross-sectional area burner head. 
3 . Suggested port size M. T. D .. 
4 . Radius of mixer (arc-diameter in inches) 
5. Size of throat (per cent total port area) 
6. Slope of air mixing tube, deg rees. 
7 . Length of mixing tube (times th mat diameter). 
8. Cross-sectiona l area of mixing chambe r (times area thro;i.t) 
9. Port spaci ng center to center (times diameter of port) 
10 . Area of mixer opening, times total port area 
20,000 
35,000 
34 
3 
40 
2 
6 
2¼ 
4 
1¼ 
Ordinarily the adjuster of an appliance in actual practice considers the 
rate of gas consumption as being only a function of the orifice area but 
in the laboratory adjustment the effect of change in specific gravity was 
also taken into consideration. The relation of pressure, specific gravity, 
and orifice area to gas rate is given by the usual hydraulic equation of 
discharge.7 
q = 165 8.5 Ka y h /d 
where q = the gas rate in cu. ft./ hr. 
a = the orifice area in sq. in. 
h = the meter pressure in inches of water 
d = specific gravity (air = 1.000) 
K = the discharge coefficient 
( 1) 
It is evident then that a standard specific gravity must be chosen if a check 
of the gas rate should be desired under different conditions from those 
existing during the period at which the orifice was adjusted. For this work 
the standard chosen was the approximate average value 0.72. The orifice 
area was adjusted by timing the passage of one cubic foot of gas under 
the conditions given by the equation: 
time in sec./ cu. ft. of gas burned = X 3600/q X corr. factor (2) 
By this method the gas rates were adjusted to within 0.5 per cent of the 
values given in Table 5. This is quite in contrast to the A. G. A . require-
ments which allow a variation of plus or minus 5 per cent. 
r The more exact equation for the efflux of gases through small orifices is treated extensively in 
Bureau of Standards Scientific Paper 359, but since the differential pressure at the orifice is small and 
the pipe diameter large compa red to the orifice diameter, the hyd raulic eq uation instead of the
adiabatic equation of discharge may be applied with very li tt le e rror. 
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Finally one more factor had to be considered in adjusting the orifice 
for the proper gas rate . It was discovered early in the experimental work 
that the gas rate was affected by a change in the temperature of the gas. 
This, of course, can be accounted for by the effect of temperature upon 
the viscosity and the density. 8 As fa r as efficiency is concerned, this 
decrease in gas rate does not alter the calculation but a comparison of the 
time of heating of one test with another can not be made unless the gas 
rate remains the same for each test. It was found by experiment that it 
TABLE 5.-B.t.u . inputs used for surface and oven burners. 
Type Right fro nt Left front Left rear Right rear Oven Broi ler 
burner burner burner burne r bu rner bu rner 
A 9,000 9,000 9,000 4,000 18,300 Same as oven 
B 6,000 9,000 9,000 4,000 19,300 Same as oven 
C 7,000 9,000 9,000 5,000 19,200 Same as oven 
[) 9,000 9,000 9,000 9 ,000 17,000 Same as oven 
E 9 ,700 9,000 11,180 Thermowell 18,000 15,960 
F 9,000 7,000 6,000 5,000 19,100 Same as oven 
G 12,000 9,000 
H 9,000 9,000 
J 9,000 
would be easier to correct the times of heating to some common base than 
to attempt to keep the gas temperature constant. Since room temperature 
was maintained at 75 ° F. during the surface-burner tests, this temperature 
was chosen as the base for calculation. Thus, during the adjustment of 
the orifice area care was exercised to maintain the orifice at 75 ° F. 
In all cases the air shutter was opened wide enough to produce a hard 
flame without causing lifting from the ports. 
T ABLE 6.-B.t.u. rating of surface burners computed from dimensions 
of burners. 
T ype 
A 
Type of 
burner 
8-arrn 
B '34} Cast-iron 
B '35 circula r 
C Die-cast 
D Die-cast 
E Daisy 
F Ribbon flame 
G 8-arm regula r 
G 8-a rm giant 
H y 
I Type of port 
Circular 
Cin:ular 
Rectangular 
Circular 
Rectangular 
Circula r 
Slit 
Circular 
Circubr 
Circubr 
1 The slit height varied between 1/ 32" 
46 
20 
16 
20 
6 
44 
72 
47 
58 
61 
and 
,,, _ ,,,_ Tu. Sq. i11. 
No. 38 0.3721 7,743 
No. 40 0.3471 6,942 
1/8" 
9/32 5/ 64 0 .4975 9,950 
No. 34 
3/32 7/ 64 0 .4512 9,024 
3/ 32" 0.4968 9,936 
0.5176 10 ,352 
No . 36 0.4188 8,376 
No . 36 0.5168 10,336 
No. 36 0 .5435 10,870 
3/ 64"; t he average is used in the tab le. 
It was found during the study that some burners would not operate 
satisfactorily on the gas rates specified in the A. G . A. approved require-
ments. Using the data supplied in Table 4, the burners were analyzed 
and the B.t.u. rating determined from the dimensions of the burner. The 
results of this analysis for both surface and oven burners are listed in 
Tables 6 and 7. This analysis proved very helpful when studying low 
oven temperatures. 
8 The calcu lation and discussion of the change in the discha rge coeffi cient because of the effec t of 
tempe ratu re is given i n Appendix IV for a type A burner. 
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TABLE 7.-B.t.u. rating of oven burners computed from dimensions 
of burners. 
lnlerior dimensio ns 
Rating- 8 .t. u ./h r . 
No. of Measured T ot:d Com p u ted Computed I 
Type I Heig ht I Vo lu me pon s dril l size 
po rt for fro m 
area Width Depth norma l oven 
I burne r size 
In . f ,, _ C·t. ft . Sq . 
A 16 13 19 2.287 94 No. 36 0.8604 17.208 18,296 
2 No. 42 
2 No . 48 
B 16 13 20 2.407 144 No . 34 1.4214 28 ,428 19.256 
4 No . 42 
C 16 14 l 8 1 ~ 2.389 114 1 3/32" 0.9220 18,440 19, 112 
26 No. 44 
D 16 13 I 8 1 ~ 2.227 136 No . 40 1. 1945 23,890 17,816 
16 No. 32 
E 18 12 18 2.250 151 No . 42 1.0692 21,384 18,000 
15 No. 55 
F 16 13 ! 4 19 1 ~ 2 .392 244 No. 40 1.8398 36 ,796 19 . 136 
1 This va lue includes fi ve pon s which we re estimated to be equivalent to a slit in the burner
TESTS WITH SURFACE BURNERS 
THERMAL EFFICIENCY AND TIME OF HEATING FOR SHORT-TIME TESTS 
Method of procedure.- Covered pans 1 to 8 were used for these tests, 
with 4 pounds of water in each of pans 1 to 6. Since the capacities of pans 
7 and 8 would not permit the use of 4 pounds of water, pans 7 and 8 were 
used with 3 pounds and 1 ½ pounds of water respectively. The tempera-
ture change of the water was taken from 75 ° F. to 200 ° F . Thus any loss 
due to evaporation near the boiling point of water could be disregarded. 
These temperatures were recorded by a copper-constantan thermocouple in-
serted through the plug in the cover and projecting to w ithin one-half inch 
FIG. 10.- Domestic-type atmospheric burner. 
from the bottom of the pan With the operating pressure at 7 inches of 
water, the volume of gas needed and the time required to bring about this 
125 ° F. temperature change were recorded. This procedure was repeated for 
gas pressure one-half normal, and 1 ¼ normal, namely 3.5 inches of water 
Experimen ts showed that the tempera tu res measured by o ne couple we re the same as those 
m easured by th ree coup les connected in parallel when the three coup les were a r ra nged so that onE
was nea r the outside , o ne in the ce nte r , and one between the cente r and outside wall of the pa n. 
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and 8.75 inches of water respectively. These tests were all performed with 
the burners secured in the stoves just as the stoves were received from the 
manufacturers. 
Since evaporation was neglected, the efficiency was calculated by the 
simple formula 
percentage of thermal efficiency= (W + w) X (T2-T1) X JOO 
B.t.u./cu. ft. X Q X c.f . 
where W = we ight of water in pounds 
w = wate r equivalent of utensil 10 
T1 = initial temperature of water , degrees Fahrenheit 
T2 = final temperature of water, degrees Fahrenheit 
Q = gas consumption as shown by meter, cu. ft. 
(3) 
c.f. = correction factor to reduce observed gas volume to 30 inches 
of mercury pressure at 60 ° F. 
After determining the efficiency in the above manner, modifications 
were made in the burner application to increase the efficiency and still 
have a safe burner with respect to the formation of carbon monoxide. 
In order to compare the time of heating of different burners it was 
necessary to reduce all time data to a common basis. By inserting two 
thermocouples in the gas manifold and securing one couple to the orifice 
cap of the gas cock, it was found that comparable readings were obtained 
on all three for any one condition of heat in the burner box, thus showing 
that the temperature of the orifice cap represented the temperature of the 
gas in the manifold within the burner box of the stove. The position of 
these couples is shown in Figure 11. Thus, to obtain the necessary data for 
the temperature correction the method was adopted of fastening a thermo-
couple, by means of a narrow strip of electrician 's tape, to the orifice cap 
of the burner valve. An open pan having a bottom 9 inches in diameter 
Th,rJ thermocovpk. 
s~cured to cop here 
fig. I !.- Position of thermccouples fo r temperature co rrecti on data. 
10 T he va lue 0.124 for the speci fi c heat of the enameled pans was determ ined by ex periment. See 
Neb r. Ag r. Exp. Sta . Bui. 68, A st udy of fi ve comm e rcia l electric stoves 1933 . 
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and containing about 5 pounds of water was placed over the burner. 
When the gas was ignited the heat reflected from the bottom of the pan 
was sufficient to cause the gas in the manifold to become heated. The 
time for successive passages of one cubic foot of gas through the burner 
was recorded, together with the rise in temperature of the gas-cock orifice 
cap, these readings being taken at two-minute intervals. From these data 
a gas-rate-temperature curve could be plotted showing the decrease in gas 
rate with increase in orifice-cap temperature, i.e., with increase in gas 
temperature. Since the curve was found to be rectilinear, it was extended 
until it intersected the 75 ° F. abscissa and the corresponding gas rate was 
read from the graph. Each gas rate was divided by the gas rate at 75 ° 
F., thus giving a series of values for the correction factors to be used to 
reduce the time to the basis of a gas temperature of 75 ° F. By plotting 
these correction factors against the corresponding orifice-cap temperature, 
the correction factor for any orifice-cap temperature could be read from a 
graph. 
Results.-It has been pointed out earlier in the paper that the burners 
tested were chosen particularly because of their design and application. 
These surface burners fitted into the original plan of investigating as many 
factors as possible which might affect the efficiency of the burner. Before 
efficiency tests were started the following factors were enumerated as 
possibly having some influence on the efficiency ( 1) the quantity of water 
heated, (2) the size and the material of the utensil, (3) the use of long 
and short injector tubes on the burner, ( 4) the distance between the grate 
and the burner, (5) the type of grate, ( 6) the control of excess air by 
using air plates, fire bowls, and burner pans, (7) the use of gas rates 
varying from 5,000 B.t.u. per hour to 12,000 B.t.u. per hour, and (8) the 
construction of the stove top. 
A few preliminary tests showed that with gas stove burners the 
efficiency would be the same whether 1 pound or 4 pounds of water 
were used for the test. The latter quantity was chosen because the longer 
time involved would tend to decrease errors produced by small differences. 
The fact that efficiency is independent of the quantity of water is due to 
the fact that a gas burner may be considered as operating from a hot start 
almost immediately, in contrast to an electric unit which requires a pre-
heating of the unit before much heat is delivered to the pan
Before continuing with the remaining factors, the characteristics and 
dimensions of the various cooking tops and the efficiencies of the burners 
should be considered. These are listed in Tables 8, 9, 10, and 11. The 
averages of all these efficiencies are shown in Table 12 and the averages 
for pans 1 to 6 are listed in the last column. These values would indicate 
what efficiencies may be expected in general for each type of burner and 
1 1 Recently it has been pointed out to the author by a member of the resea rch staff of the A. G. A. 
that although the gas burner does operate almost immediately from a hot start , it is their laboratory 
practice to initially heat the burner and grate with an aux iliary pan of water before starting efficiency 
tests This practice was not followed in the tes ts performed in this labora tory and may account for 
part of the sma ll variations in efficiency found for the same pan when used on front and rear burners 
adjusted fo r the same conditions of operation. 
TABLE 8.-Dimensions and characteristics of the cooking top. 
Type 
A 
B 
C 
D 
E 
F 
G 
H 
J 
Type of burner 
Eight-arm, single-duty 
Round cast-iron, single-duty 
Round die-cast, single-duty 
Round die-cast, single-duty 
Daisy, single-duty 
Continuous-flame, single-duty 
Eight-arm, double-duty 
y 
Daisy 
Type of top 
Divided top, 2 burners 
at each end, air plate 
Open top with 
burner t ray 
Open top with 
burner t ray 
One-piece solid top with 
reflector bowls, entire 
top removable 
One-piece solid cast-iron 
with removable 
drip ring 
One-piece solid with 
individual burner 
bowls 
Jpen grates only 
)pen grates only 
Set-up same as for stove E 
Dimensions 
of top 1 
Width I Depth 
I 
Total 
T ype of g rate grate size 
Width Depth 
In. 
10 
18¼ 
23 :/2 
20 
22¼ 
In . 
20 Twin, open 
22 !/2 Open 
,·n. 
7:/2 
17¼ 
19 Open 20¼ 
21 Individual, open 17!/2 
22 !/2 Individual, semi-
closed and closed 20¼ 
24 ¼ 2 21 Individual, open 
Open 
18}; 
9 j/4 
8 :/2 Open 
fo. 
17 
19;;. 
17 
19 
20¼ 
17:/2 
18¼ 
18:/2 
1 The dimensions for stove A and burner-box set-ups G and H are given only for the cooking area at one end. 
2 Includes a 3¼-inch sh.elf. 
Size per 
burne r 
Width I Depth 
I n. In . 
7:/2 8 ½ 
8),i 9 :/2 
10 8:/2 
8:/2 9 
9¼ diameter 
8¾ 8¾ 
9 j/4 9 
8½ 9¼ 
Distance 
port from 
top of 
g rate 
of burner 
In. 
I¾ 
l :j/4 
l :j/4 
l¼ 
I¾ 
j/4 
l j,i 
l ¾ 
I¾ 
Drip pan 
under 
burner 
com-
panm, nt 
Yes 
Yes 
Yes 
Yes 
No 
No 
Yes 
Yes 
Yes 
(./) 
~ 
t'1 
() 
-i 
t'1 
0 
..., 
..,: 
"' t'1 
"' 
0 
>rj 
() 
;,,. 
"' 
(./) 
-i 
0 
;i 
"' 
-\Q 
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T ABLE 9.-Percentage efficiency for surface burners adjusted for an input 
of 9,000 B.t.u ./ hr. and operating at normal pressure, 7 .0 inches water. 
Type I Pos~jion I Pan I Pan 2 Pan 3 
I burner 1 
Pan 4 Pan 5 Pan 6 Pan 7 Pa n 8 
P. ct. P. ct . P .ct P.ct. P.ct . P.ct. P.cl. P.ct. 
A L. R. 35.20 40.80 40.25 44.75 37.45 44.40 29.40 21.05 
A L. F. 37.20 36 .10 37.80 40.40 39.50 43.80 
B '34 L. R. 40.40 40.20 4 1.40 44 .75 39 .80 41.75 
B ·34 L. R. 40.00 41.45 41.00 45.50 41.50 47.20 
B '35 R.R. 38.30 39.90 39.50 42.40 38.70 44.00 29.80 27.90 
C L. R. 34.20 38.50 37.40 40.80 34.40 36.10 
C L. F. 36.18 38.60 35.84 36.58 35.22 40.20 31.25 22.90 
D R.R. 35.03 40. 10 40. 10 45.35 37.57 42.70 
D R. F. 35.90 38 .70 37.80 45.10 37.70 43.30 33.00 29.00 
E 0. G. 29.90 31.20 31.90 35.50 34 .1 0 38 .80 20.20 15.40 
E s. G. 32.02 37.20 32. 80 33.40 35.60 39.30 
F R. F . 41.65 42.45 47.42 44.85 41.60 44.00 
G R. 35.65 36 .25 38.96 42.50 33.95 38 .40 
G F :t 33.70 33.95 36.50 38.60 3 1.40 34 .84 
H R. 35.30 37.25 37.40 37.10 35.40 37.50 
H F. 35.20 38.20 37.60 37.40 36.90 36.60 
J 0. G. 32.40 37.80 36.00 40 .60 36.80 41.00 
J S. G. 33.70 39.60 36.50 37.76 34.70 39.00 
'L. R.=: lef t rear. L. F .== left front, 0. G.== op~n g rate , R.= rear, R. R.== ri ght re:u , R. F.== ri ght 
front, s. G.== SOLIDgrate F.== front. 
2 Burner ADJUSTEDFOR 12 .000 B.t.U. per hour input. 
T ABLE I 0.- Percentage efficiency fo r surface burners adjusted fo r an input 
of 9,000 B.t.u. / hr. and operating at one-half normal pressure, 3.5 inches 
water. 
I 
Position 
Type of Pan I Pan 2 Pan 3 Pan 4 Pan 5 Pan 6 Pan 7 Pan 8 
bur ner 
P.ct. P.ct. 11.ct. P.L"f. P.cl. P.ct . P.ct. P.ct. 
A L. R. 32.70 39.60 37.40 45.25 42.50 45.35 33 .1 7 32 .20 
A L. F. 34.50 41.80 40.00 45.00 34 .00 41.00 
B '34 L. R. 41.40 38 .00 41 .40 45 .20 40.20 43.20 
B '34 L. F. 38.40 40.40 39 .10 42.60 39.20 44.50 
C L. R. 35 .30 39 .60 36 .80 39 .90 36.10 42.60 
C L. F. 37 .80 42.20 36.20 40.50 36 .30 44.70 
D R. R. 36 .60 42.00 41. 10 46.90 39.40 43.40 
D R. F. 37 .10 41.45 43.10 45.60 40.40 45.60 
E O. G. 35.15 39 .30 34.80 36 .70 36 .65 36 .60 
E S. G. 33.85 40.40 37.50 36 .90 35.30 38.60 
F R. F. 47.00 47.40 49.25 50.25 44.00 51.25 
G R. 36.00 37.30 36.25 39.55 35.75 40.20 
G F.' 33 .60 35 .10 36.50 36.25 34 .35 35.95 
H R. 34.40 34.35 36 .05 33.42 33 .75 37 .00 
H F. 33 .40 37.80 36 .80 39.55 34.75 37. 10 
J 0. G. 34.20 39.40 33.80 39.60 34.80 39.40 
1 Burne r adj usted FOR12,00J B.t.u. per hour input. 
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TABLE 11.-Percentage efficiency fo r surface burners adjusted for an input 
of 9,000 B.t.u ./ hr. and operating at 1 ¼ normal pressure, 8.75 inches 
water
Type Posi Lion Pa n l Pan 2 Pan 3 Pan 4 Pan 5 Pan 6 
of burner 
P.ct. P.ct. P.ct. P .ct. !'. ct. P. ct 
A L. R. 32.00 38.55 40.25 45.42 34 .20 39.42 
,I L. F. 34.00 38.90 38 .2 J 45.50 36.50 41.90 
B '34 L. R. 42.00 43 .80 43.9J 45.6) 34 .40 33 .45 
R '34 L. F. 35.80 38.80 42 .70 48.40 42.C0 47.80 
C L. R. 29.90 37 .00 34.6) 39.3J 37.30 40.00 
C L. F. 32.40 37.00 35.00 41.25 34 .0J 40.4J 
D R.R. 32.55 39.20 39.60 45.00 38.50 43.50 
I) R. F. 35.00 40.30 41.40 45.10 37.55 43.70 
E 0 . G . 32.30 37.40 32.20 37.3) 35.90 37 .15 
E S. G. 31.55 36.40 32.65 38.00 34.75 39.65 
F R. F. 42.00 44.50 45.40 43.80 39.00 39.90 
G R. Woul d not operate 
"' 
this pressure 
G F.1 32.75 36.00 35.75 36.90 31.40 32.90 
H R. 34.60 36.70 37.30 37.90 35.20 36.10 
H F. 34.20 37.30 35.35 39. 10 35.60 37.30 
J 0. G. 32.65 36.90 37.60 37.50 35 .80 40.3) 
1 Burner adjusted fo r 12 ,000 B.t.u. per hour input
application when using pans varying from 3 to 8 quarts in capacity. 
From the efficiency tables it is immediately apparent that the efficiency 
is a function of the pan used, the highest efficiencies being obtained with 
the 5-quart pan 4 and the 8-quart pan 6, and the lowest with the 1-quart 
pan 8. Further, these tables show that a consideration of the effect of 
long and short injector tubes upon the efficiency may be eliminated 
because a higher efficiency is obtained with a rear burner as often as with 
a front burner on the same stove . Variations in efficiency must be 
accounted for by other means than the difference in length of injector 
tubes. The other principal factors which cause this variation are the 
distance between the burner and the bottom of the pan, the type of grate, 
the kind of stove top, and excess air. 
This may be exemplified by comparing different types. For instance, 
type B and type F list the highest efficiencies and types E and H the 
lowest. From Table 8 it is evident that the burners on types B and F 
are closer to the pan than those of types E and H. However, the dif-
ference in distance between the pan and burner does not entirely account 
for the va riations in efficiency. Other items of contrast are the type of 
grate and the stove top. The type E top is of very heavy iron ( enameled 
finish) with rather heavy solid and semi-solid grates, while the type F 
top is a heavy-gauge, enameled, sheet steel with burner bowls and a rather 
light-weight grate . It seems that much more heat is absorbed by the type 
E top than by the type F, and this, of course, reduces the efficiency, since 
not as much of the heat deli vered by the burner is available to be absorbed 
by the pan and water. Variations in efficiency between one stove and 
another must be analyzed by considering compositely all such factors as 
distance between pan and burner, the type of grate, the use of fire bowls 
and burner trays, and the construction of the stove top . including the 
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TABLE Average percentage efficiencies fo r Types A to /, with 
pans 1 to 6. 
Average 
T ype Pan 1 Pan 2 Pan 3 Pan 4 Pan 5 Pa n 6 for pans 
l w 6 
P.ct. P.ct. P. ct. P. ct . P.ct. P.ct. P.Cf. 
A 34.26 39 .29 38.98 44.38 38.36 42.64 39.65 
B '34 38 .00 40.44 41.58 48 .00 39.52 43.81 41.89 
B '35 38 .65 40.40 40.60 44.20 39 .65 43.80 41.22 
C 34.29 38.8 1 35.96 39 .72 35.55 40.66 37 .50 
D 35.36 40 .29 40.51 48 .1 7 38 .52 43.70 41.09 
E 32.46 36.98 33.64 36.30 35.38 38.34 35.52 
F 43.55 44.78 47.35 44.72 41.53 45.03 44.49 
G 9,000 35.82 36.77 37.60 41.02 34.85 39 .30 37.56 
G 12,000 33.35 35 .01 36.25 37.23 32.38 34.56 34.79 
H 34.5 1 36.93 36.66 37.4 1 35 .26 36 .93 36 .2 8 
J 33 .24 38.42 35.97 38.87 35.52 39.92 36.99 
weight and kind of material. To produce the highest efficiency the loss 
of heat by conduction, convection, and radiation in the stove itself must 
be reduced to a minimum. 
The effect of change in gas rate upon the efficiency is not apparent 
with the efficiencies arranged in their present order. The percentage 
efficiencies for type F surface burners adjusted for gas rates of 5, 6, 7, and 
9 cubic feet per hour and operating at normal, one-half normal, and 1 ¼ 
normal pressures are li sted in Table 13. The average for all the efficiencies 
for each pan are listed at the bottom of the table. Similarly, in Table 14 
are listed the percentage efficiencies for type B surface burners adjusted 
for gas rates of 6, 7, 8, and 9 cubic feet per hour and operating at normal 
pressure. It wi ll be noted that the right front burner was operated for one 
T ABLE 13.- Percentage efficiency fo r Type F surface burners adjusted for 
gas rates of 5, 6, 7, and 9 cu. ft ./ hr . and operating at normal, one-half 
normal, and 1¼ normal pressure. 
Burner I Gas rate, I Pressure, I Pan 1 Pan 2 Pan 3 Pan 4 Pan 5 Pa n 6 
posiLion cu. ft. / hr. rn. w ater 
P. ct . P. ci'. P.c:. P.ct . P.r.:. . P. ct . 
R. F. 10.00 8.75 42.00 44.50 45.40 43.80 39 .00 39.90 
R. F. 9.00 7 .00 41.65 42.45 47.42 44.85 41.60 44.CO 
R. F. 6.36 3.50 47.00 47.40 49.25 50.25 44.00 51.25 
L. F. 7.84 8.75 42.20 47.40 43.60 50.40 43.60 50.80 
L. F. 7.00 7.00 42.70 42.90 47.00 46.70 42.00 48.50 
L. F. 4.95 3.50 40.30 49.00 49.80 53.70 48.30 47.30 
L. R. 6.72 8.75 42.80 45.10 48.50 51.20 45.70 49.60 
L. R. 6.00 7.00 43.90 46.70 44.80 46.80 44.75 46.70 
L. R. 4.25 3 .50 43. 10 41.80 48.70 46.50 45.00 49.80 
R.R. 5.60 8.75 42 .00 41.40 43.40 48.20 42 .00 50.30 
R. R. 5.00 7.00 43.30 45.40 46.70 52.40 40.60 48.70 
R.R. 3.54 3.50 45.40 41.80 50.70 51.40 48 .40 42.10 
Average 43.00 44.70 47.20 48.80 43.75 47.40 
set of tests at 6 inches of water pressure . This happened by accident but 
since the results are as valuable as the others, they are included. From 
these tables the most obvious conclusion to be drawn is, that if no mechan-
ical change is made in the construction of the burner in the stove, the 
efficiency will be the sa me whether a high or low gas rate is used. What, 
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then, is to determine the choice of gas rate? There are two important 
factors, time of heating and safety. 
T ABL E 14.-Percentage efficiency for T ype B surface burners adjusted for 
gas rates of 6, 7, 8, and 9 cu. ft./ hr. and operating at normal pressure. 
Burner 
position 
L. R. 
L. F. 
R. F. 
R. F. 
R.R. 
Average 
I Gas rate, I Pressure, I cu. ft./ hr. in . waler 
6.0 
7.0 
7.4 
8.0 
9.0 
7 
7 
6 
7 
7 
1 Pan not centered on burner . 
Pa n I Pan 2 
P.rt. P cl. 
38.10 39.80 
38.40 41.20 
40.60 
39.90 40.60 
38.30 39.90 
38.65 40.40 
Pan 3 
P.ct . 
41.20 
39.00 
40.30 
43.40 
39.50 
40.60 
Pan 4 
P.O . 
45.70 
43.00 
44 .40 
45.30 
42.40 
44.20 
Pan 5 
P.ct . 
38.80 
38.50 
42.60 
39 .80 
38.70 
39.65 
Pan 6 Pan i 
? .ct . P.ct. 
43.00 37 .10 
42.80 35.10 
45.50 1 30.90 
44.40 30 .20 
44.00 29 .80 
43.80 32.60 
Pa n 8 
P.a. 
35.60 
29 .00 
28.50 
26 .70 
27.90 
29.55 
The time of heating for type B burners is shown in Table 15. These 
are the time-of-heating data corresponding to the efficiency tests listed in 
T able 14. The results are obvious and need no explanation. Table 16 is 
a table for type F burners corresponding to T able 13. All of the corrected 
time-of-heating data are listed in T ables 17, 18, and 19. These tables are 
significa nt, for they show that when burners are adjusted fo r the same 
input, those having the highest efficiency will do the same amount of 
useful work in the least time. 
T ABLE 15.-T ime of heating for T ype B surface burners adjusted for 6, 7, 
8, and 9 cu. ft ./ hr. operating at normal gas pressure-time shown in 
minutes and seconds.1 
Bu rner Gas rate, 
I 
Pressure , 
I Pan 1 I Pan 2 / Pan 3 I Pa n 4 I Pan 5 1 Pan 6 I Pan 7 I Pa n 8 position cu . ft./hr. in. w ater 
L. R. 6.0 7 13-52.6 14- 8 13- 0 11 -54 13-47.6 13- 0 10-44 5-39.8 
L. F. 7 .0 7 11.55 11 -54 12- 2.8 10-59.5 12- 7.4 I 1-15 9-55 6-12 
R. F. 7 .4 6 10-44.2 10-27.6 9-40 9-48.8 9-43.62 10- 8.6 5-39 
R. F. 8.0 7 9-57.6 9-54 8-54 8-38 .2 9-44.4 9-12 9-37.8 5-36 
R. R. 9.0 7 9-14.4 9-27.2 9- 4 8-38 .2 9-20.4 8-36 8-59.8 4-53.6 
1 Minutes to the left of hyphen, seconds to the righl. 
2 Pan not centered o n burner. 
Previously it was shown that the factor for correcting the time of 
heating was dependent upon the gas-cock temperature and the gas rate. 
It is evident that if no other factors are modified, a decrease in gas rate 
will increase the time of heating of like thermal masses through the same 
TABL E 16.- T ime of heating for T ype F surface burners adjusted for 5, 6, 
7, and 9 cu. ft. / hr. operating at normal gas pressure-time shown in 
minutes and seconds. 
Burner I Gas rate, Pan 1 Pan 2 Pan 3 Pan 4 I Pan 5 Pan 6 Pan 7 position Cl!. ft. / lu. 
R. F. 9 8'27 8-47 7-32 8- 3.5 8-28 8-18 
L. F. 7 10-49 11-21 9-54 IO- 5 10-55 9~55 12-12 
L. R . 6 11 -36 11 -50 11 -43 I 1-30 I 1-40 11-42 14- 14 
R . R. 5 14- 7 14-15 13-12 11 -58 15- 4 13- 8 16-50 
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TABLE 17.-Corrected time fo r surface burners adjusted for an input of 
9,000 B.t.u./hr. and operating at normal pressure, 7 inches of water-
time shown in minutes and seconds. 
Type I Bu~n_e r 
position 
A 
A 
B 
B 
C 
C 
D 
D 
E 
E 
E 
G 
G 
H 
H 
J 
J 
L . R. 
L. F. 
L.R. 
L. F. 
L.R. 
L . F. 
R.R. 
R. F. 
0. G. 
S. G. 
0 . G. 
R. 
F.' 
R. 
F. 
0 . G. 
S. G. 
1 Grate co ld. 
2 Grate heated. 
Pan l 
9.49 
9- 18 
8-49 
8-50 
10-2 1 
9-50 
9.35 
9-20 
11-39 
11 -28 
10- 2 
7-56 
JO. 3 
10- 13 
10-45 
10-32 
Pan 2 
9. 0 
9-36 
9.23 
9.44 
9-30 
9.44 
8-55 
9. 9 
11-40 
9-28 
10-27 
8- 13 
JO. 7 
10- 10 
9-2 1 
9-27 
Pan 3 
8-42 
9-18 
8-44 
8-45 
9.37 
9.55 
8-29 
8-16 
II - I 
10-41 
9-12 
7-20 
9.35 
9-28 
9-53 
9.47 
Pan 4 
7-58 
8-37 
8- 9 
8- 4 
8-55 
IO- 2 
7-41 
7-36 
10-14 
10-48 
8-34 
6-57 
9-40 
9.45 
8-56 
9-4 1 
3 Burner adj usted for gas rate of 12,000 B.t.u ./hr. 
Pan 5 
9- 19 
8-55 
8-59 
9- 14 
10-2 1 
10-10 
8-59 
8-53 
10- 7 
9-56 
10-26 
8-32 
JO. 2 
10-25 
9.37 
10-16 
Pan 6 
7-15 
8-17 
8-55 
8-36 
8-40 
9-16 
8-20 
8- 7 
9-15 
9-15 
9-40 
8- 0 
9-58 
10-10 
8-59 
9.54 
Pan 7 
8-37 
9- 0 
7.59 
11 -25 1 
14-59 2 
Pan 8 
4-10 
4.54 
5-40 
8-36 
TABLE 18.-Corrected time for surface burners adjusted for an input of 
9,000 B.t.u./ hour. and operating at one-half normal pressure, 3.5 inches 
of water-time shown in minutes and seconds. 
Type Burner pos ition 
Pan I Pa n 2 Pan 3 Pan 4 Pan 5 Pan 6 
A L. R. 13-28 I 1-48 12- 3 12-12 10-37 12-14 
9.37 1 IQ. 3 1 
A L. F. 13.53 12- 6 12- 0 10-50 12-1 8 12-10 
B L. R. 12- 5 13-58 12- 11 11 -22 12-35 12-10 
B L. F. 13- 8 13- 17 13- 4 12- 6 12-57 11-54 
C L. R. 14-48 13-26 13-45 12-53 13-51 12-14 
C L. F. 13-22 13.34 14- 11 13-46 14- 2 12-52 
D R. R. 13-18 12-20 ]2. 3 10-45 12-28 11 -46 
D R. F. 13-14 12-25 11-26 10-50 12- 8 II- 8 
E O. G. 14-48 13-52 15- 0 14-26 14-17 14-48 
E S. G. 15- 13 13-30 14-52 14-22 14-44 14-14 
G R. 14-38 14-58 14-38 13.35 14-2 1 13.47 
G F .' 11 -45 11 -55 10-57 10-46 11-35 11-30 
H R. 14-47 15-30 14- 8 15-24 14-48 14-18 
H F. 14-50 13-58 13-44 13-49 14- 18 14- 8 
J 0 . G. 14-59 13-50 16-54 13-16 14-46 13-43 
F I 10-25 10-59 JO. 8 10-10 11-17 10-10 
1 Pans and 4 were repeated w i th the g rate heated. 
2: Burner adjusted for gas rate of 12,000 B.t.u . per hou r. 
temperature change. The following explanation is presented as the reason 
for the change in gas rate with increase in gas temperature. As heating 
is continued on the surface burners, the gas manifold in the burner box 
increases in temperature. Because of the heating of the gas, the viscosity 
is increased and the density decreased, so that the complete effect is to 
decrease the discharge coefficient of the orifice. For large orifices such as 
are used in commercial metering of gases, the orifice is operating in a 
region 0£ turbulent flow and a change in viscosity has no effect, but for 
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small orifices such as are used on gas cocks on ranges, any change in the 
viscosity of the gas will affect the rate of flow An analysis of data for a 
type A burner showed that the orifice was operating in a region of viscous, 
turbulent flow where a change in viscosity has an effect on the discharge 
coefficient. This region of flow was determined by comparing the "dis-
charge coefficient-Reynolds number" curve obtained with that of Hodg-
son These data are presented in Appendix IV. 
From the time-of-heating data in Tables 15 and 16 it is evident that 
heating can be accomplished in the shortest time with the highest gas 
rate. The final choice of gas rate, however, should depend primarily upon 
safety. It will be noticed from Table 23 that the type F construction 
operating at a gas rate of 9 cubic feet per hour at normal pressure pro-
duced carbon monoxide in excess of what was assigned as allowable. With 
a decrease in the gas rate to at least 7 cubic feet per hour the burner was 
safe to operate. Thus in determining the proper gas rate a compromise 
must be made between time of heating and safety. In making the final 
choice rapid heating must be sacrificed for safety. 
After completion of the tests on the various types as received from the 
manufacturer, attempts were made to improve the efficiency by modifying 
certain constructional features. In some cases conditions were modified to 
show that the type of burner and application as tested were best. The 
whole question of improving efficiency revolves around the use of small 
utensils such as the 3-quart pan 1, the 2-quart pan 7, and the 1-quart 
pan 8. The data in Table 9 show that the efficiencies for these pans are 
very much lower than for the larger pans. Much of the work on the 
improvement of efficiency was conducted with the larger-sized utensils. 
The reason for this was the fact that pans 7 and 8 were purchased for 
testing after most of the efficiency data had been obtained. It would seem, 
however, that if the efficiency were greatly improved for the large pans it 
would also be improved for the 1-quart and 2-quart pans. 
To show the effect of excess air upon the efficiency, types A and G 
were chosen, and to show the effect of modifying grate construction, types 
E and F were used. The results of these tests are listed in Table 20. It 
is evident from the data for types A and G that the efficiency is improved 
when excess air is controlled. This has been recognized by many manu-
factu rers so that most of the recent range constructions embody some form 
of excess air control. However, not all of the construction controlling 
excess air improves the efficiency, because much of the heat from the burner 
is conducted to other parts of the stove by the burner · pans and burner 
bowls; thus in reality the efficiency is decreased. To offset this it must 
be noted that burner pans and burner bowls serve another function and 
that is to improve the ease of cleaning. Perhaps for this one feature alone 
a slight sacrifice in efficiency is worth while. An example of the change 
in efficiency by removing the burner bowl is given in Table 20 under 
The orifice as a basis of flow measurement, J. L. Hodgson, Inst. Civ. Eng . , Selected Engineering 
Papers 31, 1925. 
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TABLE 19 .-Corrected time for surface burners adjusted for an input of 
9,000 B.t.u. / hr. and operating at 1¼ normal pressure, 8.75 inches of 
water-time shown in minutes and seconds. 
Type Burner Pan 1 Pa n 2 Pan 3 Pan 4 Pan 5 Pa n 6 pos itio n 
A L. R. 8-1 7 7-23 6-44 6-32 7-59 7-26 
A R. R. 8-26 7-46 7-30 6-23 7-46 7- 3 
B L. R. 7-35 7-41 7- 15 7- 5 9- 5 8-35 
B L. F. 8-42 8-3 1 7-27 6-38 7-32 6-52 
C L. R. I0-30 8-59 9- 11 8-11 9- 4 8- 17 
C L. F. 9-45 9- 0 9- 5 8- 14 9-1 8 8-12 
D R.R. 9-3 1 8-26 7-58 7- 8 8- 7 7-35 
D R. F . 8-47 8- 8 7-36 6-58 8-17 7-17 
E 0. G. 9-20 8-32 9-26 8- 18 8-57 8-28 
E S. G. 9-38 8-5 1 9-28 8- 16 8-58 8- 5 
G R. Would not burn a t 8.75" pressure 
G F.' 6-58 6-46 6-32 6-25 7-12 6-48 
H R. 9- 9 9- 5 8-34 8-32 8-59 9-1 3 
H F. 9- 3 8-56 8-58 8-1 8 8-47 8-50 
J 0 . G. 12-1 2 9- 2 8-28 8-50 9-1 3 8-22 
F I 7-27 7-28 5-55 7- 18 7-59 8- 11 
1 Burne r adjusted fo r gas rate of 12,000 13 .t.u. per hour . 
type F. With the type F burner it is more economical to remove the grate 
and set pans of 3-quart or smaller capacity directly on the burner. This 
type of burner was constructed so that this could be done safely. 
The effect of changing the distance between the grate and burner is 
also shown in Table 20 under type F.13 It was necessary to change the 
distance between the burner and pan because of the production of CO 
when a gas rate of 9 cubic feet per hour was used. The decrease in 
efficiency was not as great as it would have been if wooden blocks had 
not been used. These blocks acted as insulators between the grate and 
stove top, so that the conduction loss through the cooking top was 
decreased. 
It will be noted in Tables 9, 10, and 11 that the efficiency of the type 
E burner was the lowest of any of the types as received from the manu-
facturer. The data in Table 20 show how this type of burner and appli-
cation can be improved by merely changing the grate. With the cooking 
top as constructed much of the heat delivered by the burner is absorbed 
by the cooking top. Naturally this type of top is very rugged, but efficiency 
has been sacrificed for rugged construction. In a region where gas is inex-
pensive, this sacrifice may not be important but where the gas rate is high, 
efficient operation should be given preference to extremely rugged con-
struction. 
Finally, there is the problem of improving the efficiency for small pans. 
This may be accomplished by decreasing the gas rate and raising the 
burner nearer to the bottom of the pan. In all cases where this was tried 
the efficiency was greatly improved. Where other changes such as chang-
ing to lighter-weight grates was incorporated with the above changes, the 
efficiency was further improved. Two examples of such changes are shown 
in Table 21. Type A was chosen because the burner had such a wide 
W hen the g ra te was ra ised three-fou rths of an inch the burner was safe to ope ra te. 
Type 
A 
A 
E 
E 
E 
F 
F 
F 
F 
F 
G 
G 
G 
G 
G 
TABLE 20.-Showing change in percentage efficiency by controlling excess air and modifying grate. 
Burner I Gas rate, I Pan 1 I Pan 2 I Pan 3 I Pan 4 Pan 5 I P:1.0 6 I Remarks position cu. ft./ hr, 
P.ct P.ct. P.ct. P.ct. P.ct. P.ct. 
R. F. 9 35.50 39.70 37.30 44.60 36.00 44.00 Regular conditions. 
R. F. 9 34.00 38.80 36.00 39.80 39.90 40.60 Air plate removed. 
L. F. 9 29.90 31.20 31.90 35.50 34.10 38.80 Regular conditions. 
L. F . 9 34.70 36.10 36.80 47.20 35.20 40.80 Type D grate, 1 ¼. inch.es from ports. 
L. F. 9 38.80 40.50 40.80 47.80 38.80 Light weight wire grate, 1 7 / 16" from ports. Pan 6 smothered flame. 
L. R. 6 43.90 Regular conditions. 
L.R. 6 49.25 Grate removed. 
L. R. 6 53.40 Burner bowl and grate removed. 
R. F . 9 41.65 42.45 47.42 44.85 41.60 44.00 Regular conditions. 
R. F. 9 40.30 39.40 39.45 43 .40 40.00 43.80 Grate raised ¼ inch on wooden blocks. 
F. 12 32.50 33.20 29.10 36.05 31.84 37.75 Regular conditions. 
F. 12 32.40 38.10 34.35 37.55 36.40 39.45 Type A air-p late, type G g rate . 
R. 9 35.65 36.25 38.96 42.50 33.95 38.40 Regular conditions . 
R. 9 36.70 38.90 41.10 41.50 38.80 41.00 T ype A air-plate, type G grate. 
R. 9 37 .25 40.50 40.25 46.60 39.45 46.10 Type A air-plate and grate. 
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TABLE 21.-Modification of efficiency by changing grate construction for 
low gas rates. 
Type 
A 
A 
A 
A 
F 
F 
F 
F 
F 
F 
I Burner I Gas rate , l Pa n 1 I Pa n 7 I Pan 8 position cu. ft./h r. 
P.ct. P.ct. P.ct . 
L. R. 4 36 .40 
Auxilia ry 4 43.75 
tab le 
Auxiliary 4 48.10 
table 
Aux il iary 51.50 
table 
L. F. 7 28.30 
L. F . 7 37 .00 32 .40 
L. R. 6 27.66 
L.R . 6 38 .70 33 .40 
R.R. 5 29.50 
R.R. 5 38 .34 34.00 
Remarks 
Regular conditions. 
Grate similar to type A, Ya inch from po rts. 
T ype D g rate , 11/s inches from ports. 
Light-weight wire grate, 15/16 inch from ports. 
Regular conditions. 
Without grate . 
Regul ar conditions . 
Witho ut grate . 
Regula r co ndi tio ns . 
W ithou t gra te. 
burner-head area. Of course the results shown are a combination of change 
in distance between burner and top of grate and change of grate from 
heavy to light-weight type . The most remarkable change is shown in the 
type F burner. At present it seems that the most efficient operation is 
produced with this type of burner. The idea suggested by decreasing the 
gas rate and raising the burner closer to the pan bottom is to produce a 
burner on the gas stove similar in efficiency to the 1,000-watt unit on the 
electric stoves. Perhaps here again such a change is only vital in a reg10n 
where gas is rather expensive. 
THERMAL EFFICIENCY FOR LONG-TIME TESTS 
For the long-time tests the 3-quart pan 1, the 5-quart pan 4, and the 
8-quart pan 6 were used with the thermocouple adjusted as for the 
short-time tests. Four pounds of water was heated from an initial 
temperature of 75 ° F. to the boiling point with the burner operating at 
the full gas rate. After the boiling point was reached the Bame was turned 
to such a height that the water would continue to boil gently, if possible, 
for the remainder of the hour test period. For those stoves having a 
simmer burner, the simmering Bame was used whenever practicable. The 
usual data for gas consumption were recorded. 
Save for one or two exceptions, the gas burners were flexible enough 
in operation to maintain temperatures low enough to keep the water 
gently boiling. Thus the evaporation was reduced to such a minimum that 
this heat loss was neglected in computing efficiency. However, since the 
utensils were not perfect heat retainers, the heat necessary to maintain 
boiling was partially used to compensate the radiation and convection loss 
of the pan. In computing the long-time efficiencies this radiation and 
convection loss was included in the output. This loss for pans 1 to 6 was 
determined during a previous investigation by means of an immersion 
heater.14 The loss in B.t.u. per minute is given in Table 1. 
A stud y of fi ve comme rcial electr ic stoves, Nebr. Agr. Res . Bui. 68, 1933. 
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The following formula was used to compute the long-time thermal 
efficiency: 
. ((W + w) (T2 - T1 )] + at 
Percentage of thermal efficiency = B.t.u./ cu . ft. X Q X c.f. X 100 
W = weight of water, pounds 
w = water equivalent of utensil 
T 1 = initial temperature of water, degrees Fahrenheit 
T2 = final temperature of water, degrees Fahrenheit 
a = radiation and convection loss in B.t.u. per minute 
t = time in minutes that water boiled 
Q = gas consumption as shown by meter, cu. ft. 
(+) 
c.f. = correction factor to reduce observed gas volume to 30 inches 
of mercury pressure at 60 ° F . 
The percentage efficiencies for the long-time heating are listed in Table 
22. A comparison of the efficiencies in Table 22 with the corresponding 
efficiencies in Table 12 will show that the values are similar. 
The important feature to observe in long-time cooking tests is the use 
of the simmer burner. Types B '35, F, and G were equipped with simmer 
burners, with the simmer flame in the center of the burner for types B '35 
and F and in one arm of type G. The advantage of the simmer burner 
is greater for small pans such as the 2-quart pan 7 and the .3-quart 
pan 1 than for the large pans such as the 5-quart pan 4. This is shown 
TABLE 22 .-Percentage efficiency for long-time heating with surface burners 
operating at normal gas pressure. 
Type Burner Gas rate, Pan I Pan 4 Pan 6 
locati on cu. ft. / hr . 
P. ct. P.ct. P.ct. 
A L. R. 9 34 .60 46.90 38.20 
A L. F. 9 32.40 44.25 45.50 
B '34 L. R. 9 33.90 42. 85 
B '34 L. F. 9 35.60 45 .70 
B '35 L. F . 7 41.80 40.75 1 
C L. R. 9 30.30 37 .20 
C L. F. 9 30 .20 36)0 
D R. R. 9 25.75 45 .90 
D R. F . 9 30 .40 34 .80 34.20 
D R.R . 9 30 .50 2 
E 0. G. 9 28.90 35.50 31.20 
E S. G. 9 25.80 36.65 33 .80 
F L. R. 6 44 .75 52.70 44 .60 
F R . R. 5 4 1.80 50.20 44 .60 
F L . F. 7 37 .40 53.50 40 .40 
G R. 9 41.90 
G R. 9 48.50 3 
G F. 12 48 .20 
G F . 12 51.70 3 
H R. 9 21.40 30 .30 
H F . 9 30 .00 32.60 
J 0. G. 9 20.15 
J S. G. 9 35.50 
1 The si mmer flame alone would not keep the water at the boil ing point. 
2 Flame set so low it had to be watched constantly; violent boiling . 
3 Used air plate from type A. 
by contrasting the values for type B '34 with type B '35. It is to be noted 
that the simmering flame was not enough to keep the water in pan 4 at 
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the boiling point on type B '35. Occasionally the entire burner had to be 
turned to its lowest flame position. Considering the type D burner, it is 
evident that higher efficiencies could have been obtained with pan 1 if 
this burner had been equipped with a simmering flame. With the flame 
set as low as possible, so that it had to be watched constantly, the water 
boiled violently. 
The inability of the simmer burner to maintain the water at the boiling 
point was demonstrated by actual cooking tests. As will be shown in a 
later section, when whole potatoes were cooked in the enameled pan 4, the 
simmering flame was not enough to maintain a boiling temperature. This 
case was the only exception found. 
HEAT DISTRIBUTION OF BURNERS 
The heat distribution of surface burners has been observed in such 
various ways as the use of sheet-iron plates, thermocouples, and baking 
griddle cakes, but the following method was found quite satisfactory and 
simple. A piece of blotting paper was cut to fit the bottom of the skillets 
listed in Table 1 and a wooden block three-fourths of an inch thick and 
covered with asbestos paper was placed over the blotting paper. With both 
burner and skillet initially cold, the gas was ignited with the burner 
operating at the full gas rate. The iron pan was heated for four minutes 
and the aluminum pan for five minutes and then the blotting pape r was 
removed.15 The scorch pattern fo rmed furni shed data both for the con-
ductivity of heat by the pan and 
for the heat distribution from the 
burner. This method of obtaining 
a scorch pattern was adopted, be-
cause it was subj ect to the minimum 
amount of va riation in the materials 
used. 
Before an analysis of the scorch 
patterns can be made, the types of 
skillets used must be considered. An 
aluminum skill et will produce a 
much more uniform scorch pattern 
than a cast-iron skillet. for the ther-
mal conductivity of aluminum is 
about four and one-half times as 
great as that of iron. Further, the 
thermal conductivity of aluminum 
Qvadr. nfJ .5ut1n8 Qvod nt Z 
Quadr nt I 
FIG. 12.- Division of scorch pattern for · 
analysis. Star denotes fron t of burner. 
increases as the temperature of the aluminum increases, the thermal con-
ductivity at 1,112 ° F. being 206 per cent greater than that at 212 ° F. Thus 
the heat distribution pattern must be considered as a fun ction of the skillet 
as well as a function of the type of burner. 
In some cases it was necessary to in crease the heating period, because periods of 4 and 5 
minutes produced li ttle or no scorch . 
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The scorch patterns were divided into three areas-A, B, and C-by 
concentric circles whose radii were in the ratio 1 :2 :3. Next, a line was 
drawn through the star, which denoted the front of the burner, and the 
center of the disk from which the circles were drawn. A second line 
through the center and perpendicular to the first line divided the pattern 
into quadrants. This division of the scorch pattern is shown in Figure 12. 
The following degrees of scorch were used in analyzing the pattern : 
no scorch, very light brown, light brown, brown, dark brown, and black. 
The results for the scorch patterns for the various types of burners are 
summarized in the following form: 
Type A.-Aluminum pan, heating period 5 minutes. T he scorch was uniform· for 
all quad rants. T he scorch was brown for sections A and B and dark brown for 
section C. 
Iron pan, heating period 4 minutes. A dark brown scorch was produced in sections 
A and B with the scorch shading from a light brown to no scorch in section C. The 
position of each arm of the burner was clearly shown by a black scorch. 
Type B.- Aluminum pan, heating period 5 minutes. When the burner was centered 
in the burner tray, the scorch was a uniform brown over all sections. H owever, when 
the burner was not centered, a black scorch was produced above the narrow opening 
between the burner and burner tray. This black scorch appeared in section C. 
Iron pan, heating period 4 minutes. The scorch was a lmost uniformly black in
section A, shad ing to a uniform brown in section B and to a very light brown in
section C. 
Type C.-Aluminum pan, heating period 5 minutes. A uniform brown scorch was 
produced over all sections. 
Iron pan, heating period 4 minutes. The scorch pattern in this case was uneven. 
A lig ht brown scorch was produced in sections A and B in quadrants 1 and 4, while 
the scorch in sections A and B in quadrants 2 and 3 varied from brown to light 
brown. In section C no scorch was found in quadra nts 1 and 4 and a very light 
brown scorch in q uadrants 2 and 3. 
Type D.-Aluminum pan, heating period 5 minutes. T he scorch pattern was un-
even. In quadrants 2 and 3 a brown scorch was produced in sections A and B, while 
the scorch in section C was dark brown. In quadrants 1 and 4 a light brown scorch 
was found in sections A and B, while the scorch in section C varied from a very light 
brown to no scorch. 
Iron pan, heating period 4 minutes. H ere again the scorch was uneven. There 
was no scorch in section A, a brown scorch in section B and part of C, and no scorch 
in the outer portion of section C. 
Type E.-This burner was operated w ith two types of grates, an open grate and 
a closed grate. Scorch patterns were made using both grates. 
Open grate: Aluminum pan, heating period 6 m inutes. A uniform light brown 
scorch was produced in q uad rants 1 and 2 over all sections, while the scorch in
quadrants 3 and 4 for all sections was a uniform brown. 
Iron pan, heating period 6 minu tes. The scorch was uniforml y brown over all 
q uadrants and sections. 
Closed g rate: Aluminum pan , heating period 6 minutes. The scorch was a very 
light brown in section A and in the outer portion of section C, and light brown in 
section B and the inner part of section C. 
Iron pan, heating period 6 minutes. The scorch was uneven over all sections, 
shading from a light brown to a very light brown. 
Type J.- Type J is presented here because it was the same set-up as Type E except 
that it was built in the test box. T he scorch patterns for T ype J were made before 
those for T ype E which accounts for the greater number of patterns. 
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Open grate: Aluminum pan, heating period 5 minutes. There was no scorch in 
section A and a very light brown scorch in sections B and C. 
Iron pan, heating period 4 minutes. No scorch was produced. 
Iron pan, heating period 5 minutes and 30 seconds. The scorch was a uniform 
brown over sections A and B and very light brown in section C. 
Closed grate: Aluminum pan, heating period 5 minutes. The scorch in section B 
was a very light brown, while no scorch was found in sections A and C. 
Iron pan, heating period 4 minutes. No scorch. 
Iron pan, heating period 5 minutes. Over all sections there was a light brown 
scorch in quadrants 1, 3, and 4, and a very light brown scorch in quadrant 2. 
Type F.-Right front burner, set for an input of 9,000 B.t.u. per hour. 
Aluminum pan, heating period 5 minutes. A uniform brown scorch was produced 
over all sections. 
Iron pan, heating period 4 minutes. The scorch varied from a light brown to a 
very light brown in section C and no scorch was found in sections A and B. 
Left front burner, set for an input of 7,000 B.t.u. per hour. 
Aluminum pan, heating period 6 minutes. There was a uniform brown scorch over 
sections A and B with the inner portion of section C showing as a dark brown ring 
and the outer portion of section C showing as a light brown ring. 
Iron pan, heating period 5 minutes. Except for a small, very light brown spot 
about one inch in diameter at the center of section A, there was no scorch in sections 
A and B. The scorch in section C varied from very light brown to no scorch. 
Type H.-Aluminum pan, heating period 5 minutes. There was a uniform brown 
scorch over sections A and B and the inner portion of section C. The color shaded off 
to a light brown in the outer portion of section C. 
Iron pan, heating period 4 minutes. The scorch in section A was dark brown ; a 
brown scorch was produced over section B, and there was no scorch in section C. 
From the analysis of the patterns it was evident that the scorch pro-
duced in the iron pan reveals more about the spread of heat from the 
burner than does the scorch produced in the aluminum pan. It is of 
interest, however, to note the scorch for the aluminum pan on the type B 
burner. No other test that was performed showed the hot spot above the 
burner on the side where the burner was close to the burner tray. Probably 
what happens when the burner is not centered in the burner tray or 
burner bowl opening is a greater influx of cold air from below, through 
the larger opening, and this cold air spreads under the pan and cools the 
pan more on the side above the large opening. Type B assembly was the 
only one which had off-center burners.16 
FLUE-GAS ANALYSIS 
0£ equal importance to efficiency, or perhaps more important, is the 
question of safety, that is, the safety against carbon monoxide. Although 
these stoves carried the approval seal of the American Gas Association 
Testing Laboratory, it was thought advisable to check the carbon mon-
oxide produced by the respective burners. This can be accomplished by 
analyzing the products of combustion. Further, by an analysis of the com-
bustion products an estimate may be obtained of how much heat is lost 
in flue products. 
A further study of off-center burners will be made with the stoves recently purchased, of which 
four of the surface cooking assemblies have burners not centered in the burner bowls and g ra te . 
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The method used for the analysis follows closely that employed by the 
A. G. A. A suitable hood , shown on the stove in Figure 8, was placed 
over the pan and burner to allow a flue sample to be obtained. For some 
tests utensil 5 was used, while for others pan 1 with the handle removed 
T ABLE 23 .- Results for fiue-gas analysis for surface burners operating at 
Type I 
A 
A 
A 
A 
B '34 
B '34 
B '34 
B '34 
B '35' 
B '35 
B '35 
B '35 
C 
C 
C 
C 
D 
D 
D 
D 
E 
E 
E 
E 
F 
F 
F 
F 
F 
F 
F 
G 
G 
G 
G 
H 
H 
H 
H 
Burner 
position 
L. F. 
L. F. 
L . R . 
L. R. 
L. F. 
L. F. 
L. R. 
L. R. 
L. F. 
R. F. 
R.R. 
L. R. 
L. F. 
L. F. 
L. R. 
L. R. 
R. F . 
R. F. 
R.R. 
R.R. 
0. G . 
0. G. 
S. G. 
S. G. 
R. F. 
L. F. 
L . F. 
L. R. 
L. R. 
R.R. 
R.R. 
F. 
F. 
R. 
R. 
F. 
F. 
R. 
R. 
Flue 
temper-
ature 
. Oeg1ees F. 
336 
340 
346 
349 
340 
336 
336 
336 
358 
337 
358 
295 
353 
401 
386 
408 
270 
333 
349 
340 
439 
417 
408 
408 
430 
317 
302 
307 
282 
227 
242 
393 
398 
344 
317 
300 
322 
325 
342 
normal gas pressure. 
CO2 
air-free 
P.ct. 
11.70 
12.86 
14 .96 
12.90 
13.20 
13.18 
12.82 
12.61 
15 .62 
14.25 
15.14 
16.00 
12.40 
13.22 
12.94 
13.80 
12.77 
12.21 
12.81 
12.55 
14.90 
12.58 
12.61 
12.86 
12. 18 
12.63 
12.83 
13.30 
12.34 
12.70 
13.35 
9.90 
13 .61 
9.49 
13.43 
12.63 
13.22 
14.40 
14 .56 
co 
air-free in 
sample 
P.ct. 
0.05950 
0.03980 
0.08690 
0.06860 
0.06850 
0.05020 
0.05160 
0.05200 
0.03530 
O.oIIOO 
0.05230 
0.06080 
0.07950 
0.04660 
0.04800 
0.05840 
0.01850 
0.02720 
0.02840 
0.00000 
0.03580 
0.01730 
0.01600 
0.00604 
0.26600 
0.05600 
0 .04290 
0.06225 
0.00000 
0.06740 
0.07880 
0.09620 
0.06950 
0.01700 
0.03180 
0.06450 
0.10230 
0.01636 
0.00980 
CO in 
1,000 cu. 
ft. room 
P.ct. 
0.007490 
0.005000 
0.010900 
0.008620 
0.008610 
0.006300 
0.006500 
0.006540 
0.004430 
0.001380 
0.006560 
0.007600 
0.010000 
0.005850 
0 .006030 
0.007320 
0.002320 
0.003420 
0.003570 
0.000000 
0.004500 
0.002170 
0.002100 
0.000758 
0.033300 
0.007030 
0.005380 
0.007820 
0.000000 
0.008460 
0.009900 
0.012080 
0.008740 
0.002130 
0.003980 
0.008090 
0.0 12840 
0.002050 
0.001230 
1 Operating pressure for type B '35 was 1 ¼ normal. 
Excess 
air 
P.ct. 
46.0 
48.5 
45.5 
49.2 
66.0 
69 .2 
56.0 
60.0 
66.9 
62.9 
62.1 
77.3 
74.0 
74.0 
63.8 
64.2 
39.0 
40.8 
53.0 
55.2 
48.4 
39.0 
46.7 
50.8 
45.0 
58.2 
56.2 
59.4 
57.8 
64.4 
64.2 
73.5 
70.2 
75.7 
72.4 
78.8 
78.8 
69.6 
70.0 
Flue loss I 
per cu. ft. 
gas burned 
B.t.u. 
185.13 
190.40 
187.98 
195.00 
232 .65 
234.76 
203.00 
212.32 
239.51 
216.22 
224.30 
261.27 
278 .82 
263.73 
237.62 
260.19 
166.64 
177.96 
200.39 
200.64 
226.23 
201.90 
209.40 
218.05 
215.55 
199.82 
189.67 
198.56 
183.72 
171.45 
176.05 
301.42 
282.35 
283.93 
240.60 
275.32 
292.90 
238.73 
251.36 
F lue 
loss 
P.ct. 
18.40 
18.90 
18.50 
19.30 
23.00 
23.30 
20.00 
21.00 
23.80 
21.50 
22.20 
25.90 
27.50 
26.10 
23.50 
25.80 
16.50 
17.50 
19.90 
19.90 
22.50 
20.00 
20.75 
21.60 
21.40 
19.80 
18.90 
19.70 
18.10 
17.00 
18.50 
29.90 
27 .90 
28.00 
23.80 
27.30 
29.00 
23.70 
24.90 
was used, since either pan had about the same diameter of bottom. About 
five pounds of cold water was contained in the utensil. After the burner 
had been operating for five minutes, two samples were drawn off One 
sample was used in the iodine-pentoxide apparatus to determine the 
carbon monoxide in the combustion products, and the other sample was 
analyzed for carbon dioxide and oxygen in the Burrell-type Orsat appa-
ratus; these were the only two constituents necessary to complete the com-
putations. All of the flue samples were obtained with the burner operating 
at normal gas rate and normal pressure .1 7 
Type B '35 was the last stove tested. Expe rience gained from the other tests showed that if 
only one operating pressure was to be used, pressu -re should be 1 nor.ma!. 
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The flue loss was computed by the same method as outlined by 
Conner 1 8 and the carbon monoxide computed by the method as outlined 
by Vandaveer and Gregg.1 9 The Approval Requirements for Gas Ranges 
states that "A gas range shall produce no carbon monoxide. This require-
ment shall be deemed met when a concentration not in excess of 0.01 per 
cent is produced in a room of 1,000 cubic feet content with four air changes 
occurring during the combustion of an amount of gas liberating 60,000 
B.t.u." Analysis in each case was reduced to air-free basis and the CO 
concentration in a 1,000-cubic-foot room calculated by the formula: 20 
C , = (CaV / 4 X 1,000 ) (l - l/ e4)60 (5) 
where C, = concentration of CO in room atmosphere, per cent 
Ca = CO in air-free products of combustion, pe r cent 
V = volume of combustion products per 1,000 B.t.u (exclusive of 
water vapor), cubic fee t 
e = Naperian logarithmic base (2.7183) 
This formula may be simplified to read 
C, = 0.01 47 C,,V (6) 
The results for the flue analysis are listed in Table 23. 
The important columns to note are the flue loss, the percentage of 
excess air, and the percentage of CO in a 1,000-cubic-foot room. For a 
burner to be designated as giving off no carbon monoxide, the percentage 
of CO must not exceed 0.01 per cent. It will be noticed that only one 
burner greatly exceeded this amount, the right front burner of type F. 
About eighteen different analyses were made on this burner and the data 
listed represent one typical set of results when the burner was used as 
built in the stove. It is because of this excessive CO that this burner 
should be operated with an input of 7,000 B.t.u . per hour or less, at least 
with natural gas. 
A consideration of the flue-loss and efficiency data will give some esti-
mation of how much heat is lost by conduction through the stove top. 
For instance type F burner had an efficiency of about 45 per cent and 
the average flue loss was approximately 19 per cent and thus about 36 
per cent of the heat delivered by the burner was dissipated through the 
stove and around the burners. 
Finally, a glance at the excess-air column will show the advantage of 
the air plate, such as that used on type A. Again, type C has a burner tray 
which controls the air around the burner but by the use of the open-type 
grate, cold air is drawn in from the surrounding area above the burner 
tray. This cooler air furnishes excess air and at the same time must be 
heated, which, of course, lowers the efficiency of the burner. 
AUTOMATIC LIGHTERS 
Automatic lighters were not considered as being essential to the study 
of the surface burners but since all of the ranges were equipped for auto-
Cited prev iously. 
19 A simpl ified iodine pentoxide appa ratus fo r the dete rmination of ca rbon mo nox ide in Au e gas
Vandaveer and Gregg, A . G. Mo., August, 1929 . 
20 Approva l Req ui rements, A . G . A. 
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ma tic ignition, the lighters were tested according to the A. G. A. 
specifications. 
With the burners operating at normal gas rate and pressure, the pilot 
flame was adjusted to the proper height and if equipped for a Bunsen 
flame, the air shutter was set. The gas pressure was then reduced to one-
half normal and the gas turned off at the burners. Before the tests were 
started, the gas line was tested to make certain that the line was full of 
gas. Utensil 5, containing a quantity of water, was placed over the burner 
to be tested and the gas cock turned on to the full position. The period 
of time between the opening of the gas cock and the ignition of the gas 
was recorded with a stop watch. Similarly the flames were blown out and 
the time between the extinguishing of the flame and reignition was 
measured. 
TABLE 24.-Time required for ignition and reignition of burner flames by 
automatic lighter. 
Type of Burner 
assembly positi o n 
A All burners 
B '35 L. F. 
B '35 L. R. 
B '35 R. F. 
B '35 R.R. 
C L. F . 
C L. R. 
C R. F. 
C R.R. 
D L. F. 
D L. R. 
D R. F. 
D R.R. 
E L. F . 
E L. R. 
E R. F . 
F. L. F. 
F L . R. 
F R.R. 
Av. time 
for 
ign i tion 
Seconds 
2.0 
1-8 
1.0 
l.l 
1.7 
2.0 
1.8 
2.0 
2.4 
5.0 
4.0 
2.0 
2.6 
4.5 
2.0 
4.0 
3.0 
3.0 
2.2 
Av . ti me 
fo r 
re-ignitio n 
Second; 
1.0 
1.0 
1.0 
1.5 
2.0 
1.r 
2.4 
3.4 
3.0 
3.0 
2.4 
3.0 
3.0 
2.0 
2.4 
2.0 
Remarks 
Wou ld not a lways relight. 
Wou ld not reli ght. 
Would not always reli ght. 
Would not re li ght. 
Would not alw :i. ys lig ht- would not relig ht. 
The time required for ignition and reignition of burner flames by the 
automatic lighter is presented in Table 24. As stated in the Gas Associa-
tion requirements the ignition time must be within 4 seconds for ignition 
or reignition if the lighter is to pass. From Table 24 it is evident that 
the automatic lighters did not always work successfully. The assembly 
which gave the greatest trouble was type E. This stove was placed in 
actual service after the laboratory tests were completed. Complaints were 
soon received that the lighter functioned only occasionally. The lighter 
was removed and returned to the laboratory for investigation, where it was 
observed that because of the long lighter tubes used and also the mode 
of construction of the tube adjacent to the pilot light, a flash was not 
always produced at the burner end of the tube even when the end of the 
lighter tube at the pilot was slightly higher than the end at the burner. 
The tubes were rebuilt so that the end at the lighter was not constricted 
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and two more holes were drilled in the side of the daisy burner so that 
when the flash was received at the burner the flame would travel up to 
the ports. After these changes were made the automatic lighter functioned 
properly. 
The lighters which proved the most successful were those on types A, 
C, and F. Type A was the most positive of all, for the pilot light was 
only about 1 ½ inches from the burner, thus having a very short flash 
tube. The flash tube on this lighter forms part of the air-plate and may 
be seen on the left burner assembly in Figure 1. Type C lighter tubes 
were integral with the burner tray and had openings large enough to 
produce a good passage through which the flash must travel. All three of 
these lighter assemblies were protected so that they were not affected by 
boil-overs. 
BOIL-OVER TESTS 
With regard to the safety of the appliance this set of tests was more 
important than first thought would suggest. The burners and automatic 
lighters were set to operate at the normal gas rate and pressure, and then 
pan 8, containing either soap solution or starch solution, was placed over 
the burner and the gas cock turned on full. After the solution began to 
boil over, conditions affecting the normal operation of the burner were 
observed. The boil-over was continued until either the flame went out 
entirely or else it was certain that the flame would not extinguish. 
The solutions were made as follows: 
Soap solution.-Pan 8, three-fo urths fu II of water, to which was added two table-
spoons of bead soap and a small amount of water softener. This solution produced a 
very frothy suds. 
Starch solution.-Pan 8, three-fourths full of water, with enough rolled oats, petti-
john, and graham fl our added to m ake a thick mixture when boiled. 
Boil-over tests revealed features of construction about the burners and 
lighters that might otherwise have been missed. In some cases only the 
lighters were clogged and in other cases only the burner was affected, 
while occasionally both were clogged by the boil-over solution. A discus-
sion of the results of the boil-overs is presented for each type of burner 
assembly in the following. 
Type A.-With the soap solution part of the burner ports we re fill ed , but the fl ame 
was no t extinguished Because of the fillin g of part of the ports, the gas came out of 
the rem aining ports with such a velocity that a floating flam e was maintained im-
m ediately under the pan. When the starch solution was used, the outer ports we re 
clogged but th e flames continued to burn in inner ports. The automatic lighter was 
not affected by boil-overs from either solution. 
Type B.- Onl y the soap solution was used because the flames were completely 
extinguished in a ll tests. The results are as fo llows: 
Right front burner-all flames extinguished in 15 seconds. The burner would not 
relight with automatic lighter nor when a match was used . Right rear burner- fl ames 
extinguished in 5 seconds. Could not be relighted with automatic lighter or matches . 
Left front burner-flames extinguished in 2 seconds. W ould not relight with lighter 
but could be ignited with a match. Left rear burner- flam es extinguished in 5 seconds. 
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Part of the ports relighted with automatic lighter. The refusal of burners to relight 
with the lighter was due entirel y to the clogging of ports. The lighter was unaffected 
by the boil-overs. 
Type C.- This burner and burner assem bly was unaffected by the soap solution. 
With the starch solution the flames from seve ral ports were extinguished temporarily 
but re-ignited in less than one second. 
Type D.-The soap solution clogged the ports near the lighter tube. The fl ames 
we re not entirel y extinguished. T he automatic lighter would not function because the 
slit in the lighter tube adj acent to the burner became filled. The burner could be 
relighted with a match. With the starch solution, the flames were extinguished in one 
minute. The lighter tube also became filled with the starch solution so that it refused 
to reignite the gas, but the burner fl ames could be relighted in some places with a 
match. 
Type E.-The assem bly was unaffected by the starch solution but was clogged with 
the soap solution. The open grate was used for all tests. With all of the burners in 
t his assembly the heads next to the lighter were clogged and also the air adjustment 
became so filled that a ye llow flame was produced. The right front and left front 
burners refused to light with the automatic lighter. The left front burner could be 
lighted automaticall y, but not immediately. 
Type F.-Neither the burners nor the ligh ters were affected by boil-overs. 
Aside from the hazard of having unburned gas given off, the most 
disagreeable factor is the cleaning of the stove after the boil-over. Since 
it was necessary to put the burner in working condition again, the ease of 
cleanmg the burner and cooking top was noted . Types A, B, C, and D 
were easily cleaned, especially types C and D, which have removable heads 
as shown in Figure 7. In all of the burner-clogging tests on type E, the 
greater portion of the liquid fell into the drip rings, but some of the liquid 
fell into the storage compartment. Because of the construction of the 
burner head, unnecessary labor was required in cleaning and restoring the 
burner to satisfactory working order. Type F compartment was the hardest 
to clean, for although the burner bowls collected most of the liquid, that 
portion which fell into the burner compartment was difficult to remove. 
Both type E and type F assemblies should have removable drip pans 
below the burners. 
CONCLUSIONS FROM SURFACE-BURNER TESTS 
The thermal-efficiency tests show that the efficiency of a burner is a 
function of several factors, the principal ones being the size of the utensil, 
the distance between pan and burner, the type of top, and the grate con-
struction. The results indicate that there is a need for a change in burner 
application so that efficiency will be increased when small utensils are 
used. One way of accomplishing this would be to raise the burner nearer 
to the bottom of the pan. This would, of course, necessitate using a lower 
gas rate in order to remain within the limits of safety. Still another way 
would be to thermally insulate the grate from the stove top. This would 
decrease the conduction of heat through the stove and thereby make avail-
able more heat which could be applied to the pan. If one compares the 
present burners and burner applications with those in the past, it is evident 
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that efficiency has been increased but there is still too much heat lost that 
could be used to do work. 
In general, the heat-distribution tests and gas-analysis tests showed that 
the burners studied were satisfactory. From the results with boil-overs, 
however, it is apparent that improvement is needed. The tests showed 
that if a burner is to be free from clogging because of boil-overs, the 
burner must have some form of protected ports and lighter system. 
Although automatic lighters are a great convenience, there is need for 
improvement ( drastic improvement in some cases) if they are to be con-
sidered entirely dependable. It is the experience of this laboratory that 
automatic lighters work most of the time but in some cases they are 
failures. 
The principal value of these surface-burner tests should be that of a 
measuring stick for judging similar types of burners. That is, knowing 
the thermal efficiency of, for instance, a type B burner it should be possible 
to predict the efficiency of a burner of similar type and construction.21 
Of course, in making such predictions, all factors affecting efficiency must 
be considered, for slight changes in application sometimes make quite a 
difference in the efficiency. 
When choosing a stove there are certain tests that anyone can make, 
namely, heat distribution tests, automatic lighter tests, and boil-over tests. 
If these tests are performed and then the efficiency judged on the basis of 
known data, a fairly comprehensive idea of what a particular burner will 
do may be obtained. With regard to safety from poisonous gases, however, 
one must rely upon the manufacturer, unless one has available suitable 
apparatus for analyzing the flue gas. 
TESTS WITH OVENS 
METHOD OF EXPERIMENTAL PROCEDURE FOR OVENS 
In setting up the oven for tests, three things had to be done: the 
burner orifice, the by-pass valve, and the pilot had to be adjusted in the 
oven; and the outside oven surfaces had to be divided and marked into 
the proper number of areas for surface temperature measurements. 
The burner orifice was adjusted according to the method previously 
outlined, so that the inputs agreed with those in T able 7 under the head-
ing, "Rating computed from oven size." The by-pass valve on the oven 
heat regulator was adjusted so that the burner flame due only to the by-
pass flow of gas was about the size of the head of a match or about one-
eighth of an inch long. The pilot flame was usually about three-fourths of 
an inch in length. In setting the pilot and by-pass flames, the recom-
mendations of the manufacturer were followed. 
Fifteen couples were used to measure the temperature within the oven. 
The couples were arranged in three planes, the upper plane being about 
T he use of the existing data from these bu rners has been tried in predict ing the efficiency of 
some of the b u rne rs on ranges yet to be tested . 1t was found that efficiencies cou ld be predicted to 
with in 2 per cent in many cases . 
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2 inches from the top of the oven, the mid-plane halfway between the top 
and the bottom, and the lower plane located at about 2 inches from the 
bottom of the oven. On the diagonals of these planes five couples were 
arranged so that the four couples at the outer corners were about 2 ½ 
inches from the side walls with the fifth couple at the center. Average 
oven temperatures were measured by the five couples in the mid-plane, 
the couples being so wired at the switch that they could be connected in 
parallel. The couples were supported in a strip of heat-resisting pressed 
asbestos. This strip also served as an electrical insulator between the couples 
and the supporting rack. A sketch of this support is shown in Figure 13. 
Unless some peculiarity in design made 
a change necessary, each of the exterior sur-
faces of the top, sides, and back of the oven 
was divided into sixteen areas. The oven 
door and broiler door were divided by a 
horizontal line through the middle and by 
three equally spaced ve rtical lines, thus divid-
ing the surface into eight areas. For measure-
ments around the rim of the oven door, a 
strip about I ½ inches wide was taken as 
the door frame, and this strip was divided 
into areas having lengths ranging from 
approximately 4 to 5 inches, depending upon 
the size of the door. These divisions are 
shown in Figures 21 to 27, where the results 
for surface temperatures are presented. The 
temperature at the center of each area was 
measured with a copper-constantan couple 
which had sufficient length of the couple at 
the hot junction spiraled in the face of a 1 
inch cork with the tip of the junction at 
the center. This arrangement allowed for --n .. , Jvnc-f>on 
the minimum conduction of heat away from FIG. 13.- Sketch of thermo-
h · f cou pie support in oven. t e tip o t e couple and also, since the cork 
had a very low thermal capacity, successive readings could be taken rapidly . 
CALIBRATION OF THERMOSTAT 
The first test performed was a comparison of the dial settings with 
the actual oven temperature, as measured by the five couples in parallel.2 2 
With the thermostat set at the 400 mark, the average oven temperature 
was read after the oven temperature had attained the steady state and had 
remained constant for at least 30 minutes. If the difference between dial 
setting and actual temperature was more than two degrees, the dial was 
adjusted. Whenever an adjustment was necessary, an attempt was made 
to have the average oven temperature agree with the dial setting. After 
22 The 400 mark on the dia l is usua lly used as the ca libration point by manufacturers and testers. 
TABLE 25.- Agreement of dial settings with oven temperature. 
I 
Oven A 
I 
Oven B 
I 
Oven D 
Dial 
setting Calibra- Calibra- 1934 1935 Oven C Calibra- I Calibra- I Calibra-tion 1 tion 2 model model tion 11 tion 2 tion 3 
op_ op_ op_ op_ op_ op_ op_ op, 
250 295.0 292 .0 318.5 360.4 310.0 319.0 268 .6 305.4 
300 301.8 299.5 324.6 360 .4 310.0 317.0 316.0 
350 346.2 335.8 353.0 360.4 342.0 342.0 325.2 
400 400.0 398.8 403 .2 399.9 400.0 412.5 402.0 397.6 
450 456.4 448.8 460 .7 451.9 461.0 478.6 468.0 455.3 
500 498 .0 503.6 510.3 498.0 517.0 494.8 528.0 
550 536.4 556 .1 552.0 547.8 574.0 536.8 570.4 
1 This represents the oven as received from the dealer. 
2 This test was discontinued here for the night and when started the next day this temperature was 398.4° F. 
Oven F 
Oven E Calibra- I tion I 
op_ OF. 
364.8 
364.8 
364.8 
399.5 435 .3 
450.5 461.2 
498.8 510.0 
550.0 553.0 
Calibra-
tion 2 
op_ 
357.6 
357.6 
361.2 
411.5 2 
457.8 
505.4 
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the 400 mark had been checked, and adjusted if necessary, dial settings of 
250, 300, 350, 400, 450, 500, and 550 were compared with average oven 
temperatures. For each of these settings the oven temperature was brought 
to the steady state and then held there for one hour. Since in most cases 
these data could be used also for heat-loss data, the gas volume, the time, 
the barometric pressure, and the meter pressure and temperature were 
recorded. 
The first test showed the following agreement: Oven A, 397.7° F.; 
oven B '34, 446 ° F.; oven B '35, 399.2 ° F.; oven C, 460 ° F.; oven D, 
414.7 ° F.; oven E, 399.5 ° F.; and oven F, 400 ° F . It is evident that ovens 
A, B '34, C, and D had to be adjusted in order to fulfill the A. G. A. 
requirement. After adjustment the agreement for these four ovens was: 
oven A, 402 ° F.; oven B '34, 399.5 ° F.; oven C, 400 ° F.; and oven D, 
402 ° F. It should be noted that with all the thermostats tested except the 
bi-metallic strip regulator on oven D, the temperature was maintained 
constant; that is, there was no fluctuation of temperature as there is with 
electric stoves. With gas-oven regulators there is always a constant amount 
of heat being applied in contrast to the off and on periods of electric ovens; 
for this reason any wide change in temperature should be investigated. 
In Table 25, which lists the agreement between dial settings and oven 
temperature, it will be noticed that there are two calibrations for ovens A 
and F and three tests for oven D. 
After the first adjustment of the dial, calibration 1 was obtained for 
oven A and the agreement was considered good. Later while obtaining 
heat-loss data it was observed that there was discrepancy between dial 
settings and actual temperatures. At 400 ° F. this amounted to between 30 
and 35 degrees; that is, to obtain an actual oven temperature of 400 ° F., 
it was necessary to have the dial set between 430 and 435. When a re-
calibration was started this discrepancy had changed to 25 degrees and no 
adjustment of the dial could be found for which the temperature would 
remain constant from one day to the next, that is, between successive daily 
tests. The trouble was finally located at the valve seat, where a piece of 
dirt was alternately being drawn in and ejected. With the removal of the 
dirt, calibration 2 was performed and good results were obtained for all 
succeeding tests. 
The heat control on oven D presented a different problem. As men-
tioned before, this regulator was an exception. It did not keep the oven 
temperature constant but fluctuated between a high and a low value. In 
this case the average temperature between the high and low value was 
used as the comparison temperature. A portion of the calibration curve 
for this thermostat is shown in Figure 14. The data for this curve were 
taken during the adjustment of the dial at 400 ° F. Calibration 1 was 
made with the adjustments set as the stove was received from the manu-
facturer. After adjustments were made, calibration 2 was started at the 
550 mark and the temperature decreased for each successive lower dial 
setting until it was found that for the low dial settings of 300 and 250 
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the by-pass flame was so low that some of the ports were not 
Great difficulty was experienced in setting the by-pass valve 
regulator because the ad-
justing screw made such a 
snug fit .with the regulator 
that it was almost impos-
sible to turn it. For the ad- " 
410 
(\ I 
/ ~ 
/ I\ 
ignited . 
on this 
/ 
justment before calibration I 39 '---.../ '- .../ ~ 3 the by-pass flow of gas ~ 
~ 
was increased slightly. The ~ 39 
J85 
oven was heated 1 ½ hours " 
and then the dial was i 
changed. The final setting ~ 
f" 
gave a high value of 404.2 ° ~ 
F. and a low value of 0 
393.4 ° F ., the average be- J 
ing 398.8 ° F. It is the 
opinion of the author that 
this type of thermostat is 
not as successful a regula-
tor for gas ovens as the 
380 
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FIG. 14.-Calibration curve for oven D. 
copper-tube, carbon-rod regulator, or the pressure-thermometer regulator. 
10 
The first calibration test for oven F was discontinued at 350 ° F. be-
cause at this dial setting the temperature decreased from the previous 
temperature for dial setting 400 until the oven temperature reached 319° 
F. and then the temperature began to increase until one hour later it had 
become 405 ° F. The by-pass was readjusted to make the by-pass flame as 
low as possible and with the dial at 400 the temperature obtained was 
398.4 ° F. Calibration 2 was obtained after this adjustment. There was 
considerable back-lash in this dial, so that a variation of at least five degrees 
could be obtained while moving the dial from one setting to another. 
OVEN HEATING CAPACITY 
The essential feature of this test was to determine the time and energy 
necessary to heat the oven from room temperature to 500 ° F. Two sets 
of data were obtained, one set with the thermostat at the 550 mark and 
the other set with the thermostat at the maximum position. The necessary 
data were secured by recording gas volume, time, average oven temperature, 
and the correction factor to reduce the gas volume to standard conditions. 
The oven heating capacity is represented by the time necessary to heat 
the oven from room temperature to 500 ° F. The requirement of the 
American Gas Association for 1936 for these ovens is as follows: "Ovens 
and their controls shall be so designed that the oven temperature can be 
increased from room temperature to 500 ° F. at an average rate of at least 
21.5 degrees per minute." 
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While this test is in operation the gas rate should be adjusted so that 
the input is 8,000 B.t.u . per hour per cubic foot of oven space. The pre-
heating curves for the various ovens are shown in Figure 15. The curves 
show that all of the ovens fulfilled the American Gas Association's 
requirement . 
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Fro. 15.- Preheating temperature as a function of time. 
Not only is it important to know the time necessary to heat to 500 ° 
F ., but the energy consumed should be considered. The gas rate did not 
remain constant, as is shown in Figure 16. The rate became less at higher 
temperatures and this is to be expected since the orifice was heated as 
time increased. The amount of energy in B.t.u. necessary to heat the oven 
to any desired temperature is shown in Figure 17. 
For all the curves shown, the thermostat was set at the maximum 
position. However, the effect of having the regulator set at 550 is shown 
by the dotted lines on ovens B '34 and E in Figure 15. W ith the regulator 
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set at 550 the closing action of the valve began to take place soon after 
the 500 ° F. temperature was reached. A similar action would be found 
for other dial settings; that is, the gas control valve would begin to operate 
before the temperature indicated by the dial had been reached. Thus the 
curves in F igure 15 represent the minimum time necessary to preheat to 
temperatures below 550° F . 
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RATE OF COOLING 
45 
One simple method of studying the construction of an oven is to 
observe the rate of cooling. Immediately after preheating the oven to 550 ° 
F. the gas was turned off and the rate of cooling was determined. For the 
first 20 minutes, average temperature readings were taken every two 
minutes ; for the next 20 minutes the interval was increased to 5 minutes; 
and for the remainder of the test the readings were recorded every 10 
minutes. 
In order to observe the effect of bringing the oven to a steady state
before starting the cooling test, the oven was preheated to 550 ° F. and 
maintained at this temperature until the temperature had remained con-
stant for 20 minutes. The gas was turned off and the data were recorded 
as in the above outline. 
All of the ovens had about the same size flue opening and with the 
exception of oven E the doors did not fit tightly. The principal difference 
in construction was the thickness of insulation. The condition of the ovens 
for the cooling curves was that of an unsteady state so that the rate of 
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cooling should be principally a function of the thickness of insulation. 
From the insulation thickness given in Table 2, it would be expected that 
oven E would have the lowest rate of cooling and the greatest rate would 
be had with the ovens having the least insulation . 
55 ~ I 
so 0 1 ~ loven C ~/os«I Ven 
V 
1~ I 
~ven f.: -Open Veflt 
~ ~" ~ OvenD 
"' 0 \ ~ ~ ~ o, nf- 0-. "' '-.._,__011enC 0 \~ 
~'\ ~ 
-------------
( enf!JS 
' "~' 
I'--- ~--0 
"'-";-~ '-- ~ lnvtn /3'34 "' ~ ~ r------ r----__ 
--
15 
,, ~ ~ 
--------
Oven A 
, _____ 
~ i----~ 
0 
-~ ~ ~ .....__ f-----_ 
10 0 0 7o .o .40 so 60 70 8() 90 /00 110 I 0 
T,me m Minute:1 
FIG. 18.- Time rate of cooling from 550° F. for ovens. 
This is verified by the curves in Figure 18, which show the rate of 
cooling for the various ovens. The slightly lower rate of cooling for oven 
B '35, in contrast to the rate for oven B '34, was probably due to the 
increased thickness of the right side wall. On oven B '35 the thickness 
had been increased to 1 ¼ inches. 
The flue passage of oven E was constructed with a small damper that 
closed when the gas cock was turned off. The oven was designed to bake 
on retained heat. The contrast between the cooling curve when the damper 
· was closed and the cooling curve when the damper was open give a 
measure of the amount of heat that was lost through the flue opening. 
EMPTY OVEN HEAT LOSS, TEMPERATURE DISTRIBUTION, AND SURFACE 
TEMPERATURES 
The rate-of-cooling data give some information about the heat-retaining 
properties of the oven, but in order to know the actual number of British 
thermal units necessary to maintain an oven at a desired temperature it is 
necessary to determine the heat loss of the oven. Besides the heat-loss data 
computed from the calibration tests, tests were performed to obtain data 
for heat loss when the average oven temperature was constant at 300 °, 
400 ° , and 500 ° F. The temperature was considered constant if the tern-
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perature van at10n was not more than ±1 degree. After the condition of 
the oven had reached the steady state, the average temperature was watched 
constantly and readings were recorded at 5-minute intervals. Gas-volume 
and correction-factor data were taken every 15 mi nutes. The total time fo r 
a test was one hour or more. 
At the same time the heat-loss data were being obtained, the tem-
perature distribution in the oven was recorded. Every fifteen minutes the 
temperature at each of the fifteen couples was obtained. The average of 
the readings for each couple was used for the temperature-distribution data. 
After the heat-loss tests had been in operation for 30 minutes, surface 
temperatures were recorded. Usually readings were again taken at the end 
of the test period. 
For this set of data the only computation necessary is the conversion of 
gas volume per unit of time to energy per unit of time. The most con-
venient unit would be B.t.u. per hour, for when a comparison between the 
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FIG. 19.-Empty-oven heat loss as a function of oven tem perature. 
48 NEBRASKA AGR. EXP. STA. RESEARCH B u LLETIN 86 
heat loss of gas ovens and the heat loss of electric ovens is desired it 1s 
only necessary to multiply B.t.u. per hour by 0.2928 to obtain watts. 
A quantitative measure of the heat loss for the empty ovens is given in 
Figure 19. The experimental points for these curves clustered very closely 
about the curves. At 300°, 400 °, and 500 ° F. at least three points were 
used to locate the curve and at least one point was obtained from the 
calibration data for points from 250 ° to 550 ° F . A substitute burner using 
an input of 9,000 B.t.u. per hour was installed in those ovens with which 
it was impossible to obtain temperatures around 300° F. with the regular 
oven burner. 
The empty-oven heat loss in B.t.u. per hour per cubic foot of oven space 
is shown by the curves in Figure 20. In this set of curves it will be noticed 
that ovens B '35 and E have changed places; otherwise the location of the 
curves remains essentially the same as in Figure 19. 
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In conjunction with the heat-loss curves, the flue loss should be con-
sidered as determined from the gas-analysis test. The flue analysis is listed 
in Table 26. Samples of the flue products were taken at the flue exit of 
the oven and analyzed for CO 2 , 0 2 , and CO. The flue loss was computed 
in the same manner as for the surface-burner analysis. The thermostat was 
set at the maximum position and the oven burner was operated for 15 
minutes before the samples were withdrawn. The flue temperature was 
taken at the place where the flue box was connected to the oven. It will 
be observed that the flue loss for oven F was rather low and yet its heat 
loss as given in Figure 18 is one of the highest. This oven seems to be 
TABLE 26.-Flue-gas analysis fo r ovens. 
I 
Flue CO ai r- I co in Flue loss Oven tempe ra- CO2 free in 1,000 cu. ft. Excess per cu. f t. Flue loss 
tu re air-free samp le room air g:i.s burned 
Degrees F. P.ct. P.ct. P.ct. P.ct. B.t.u. P.ct. 
A 272.6 15.08 0.00000 0.00000 77 .78 245.376 24.30 
B '34 353.8 12.34 0.00000 0.00000 73.00 269.755 26.70 
B '35 370.2 14.40 0.01610 0.00210 60.50 230.445 23.25 
C 318.5 11.94 0.00000 0.00000 77.78 279.865 27.70 
D 235.2 12.35 0 .02360 0.00296 54.20 157.600 15.62 
E 328.6 11.88 0 .00000 0 .00000 78 .20 290.090 28.75 
F 288 .0 12.80 0.00581 0.00073 61.30 190.260 18.88 
a good example of the amount of heat lost through a poorly fitted door. 
Beginning at the upper left corner and extending to almost the lower right 
corner of the door there was a space varying from 1/ 16 to 3/ 32 of an inch. 
This crack always appeared with a normal closing of the door. This poor 
contact is also shown by the surface temperature in Figure 27. 
It is the opinion of the author that the lower flue loss of oven B '35 
in contrast to the flue loss of oven B '34 is explained by the change in the 
method of exhausting the flue gas from the top of the oven. It appears 
that the baffling of oven B '35 is improved so that more of the heat in the 
flue products can be utilized. 
The temperatures obtained at the fifteen places in the ovens indicate 
that the temperature distribution, and thus the heat distribution, in the 
oven may be considered as quite uniform. The distribution of temperatures 
is listed in Table 27. 
The heat-loss curves show that a definite amount of heat is necessary 
to maintain an oven at a required temperature. The flue-analysis data 
show that part of the heat put in was lost through the flue. The heat 
lost through cracks in poorly fitting doors was not determined and a 
quantitative measure of the heat lost through the side walls and top was 
not obtained, but a qualitative measure was obtained by observing surface 
temperatures while the ovens were in the steady state. These surface 
temperatures for ovens A to F are given in Figures 21 to 27 and Tables 
28 to 33 respectively . For each area in the figures the upper value denotes 
the temperature when the internal temperature of the oven was 500° F. 
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fig. 2 1.- Surface temperatures for top, sides, and front of oven A. In each area the 
upper, middle, and lower numbers denote surface temperatures fo r oven air tem-
peratures of 500 °, 400 °, and 300 ° F. respectively. This appl ies to Figures 2 1 to 27 
inclusive. Surface temperatures of the back of oven A shown above. 
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FIG. 24.-Surface temperatures, oven C. 
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FIG. 25.-Surface temperatu res, oven D. 
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FIG. 26.- Surface temperatures , oven E. 
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F,c. 27.-Surface temperatures, oven F. 
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z 
TABLE Temperature distribution in ovens. gJ 
:0 
Location I Oven A----~ B '34 I Oven B '35 I Oven C I Oven D I Oven E I Ove n F ~ 
CO~l;Jes ' 300° 400° 500° 300° 400° 500° 300° 400° 500° 300° 400° 500° 300° 400° 500° 300° 400° 500° 300° 400° 500° ~ 
297.9 397.9 496.9 295.8 396.0 494.3 297 .0 395.9 492 .3 301.8 413.3 517.8 307.4 409 .6 511.6 306.3 411.4 508.0 289.6 386.4 479.4 ~ 
307.4 407.8 506.3 289.7 393.4 489 .8 301.5 404.2 504.6 297 .3 394.8 491.7 296.2 393.4 491.7 301.8 402.4 501.6 293.7 386.4 483.4 :" 
316.4 42 1.7 526.4 292.5 394.0 494.0 302.4 404.9 504.6 298.8 401.3 502.0 300.9 406.2 511.6 297.2 404.9 509.8 293.7 380.2 482.0 tTJ 
4 298.4 395.9 495 .6 295 .8 398.0 499 .7 298.4 397 .4 497.7 305.3 416.9 515.8 307.0 412.9 516.9 302.4 404.6 504.8 292.4 387.0 481.4 :,,: 
5 307.4 413.9 517.8 320.9 41 6.5 518.7 298.4 401.0 504.0 299.5 406.0 504.3 310.8 425 .4 535.2 294 .0 404 .2 503.6 305.0 406.4 497.6 '.°" 
6 298.4 396.6 492.6 303.5 401.3 499.0 300.3 396.6 493.3 303.9 403.9 505.0 303.7 403.9 502.3 308.2 404 .2 501.3 299.4 399.7 493.0 W 
299.9 403.l 500.0 297.3 397.0 494.0 297.0 402.0 502 .0 298.0 396.6 494 .0 295.8 392.8 486.0 296.5 397.0 495.0 305.2 399.8 497.0 :"' 
304.4 406.7 500.8 297.5 396.2 492 .6 300.2 404.9 506.3 296.4 390.3 484.9 298.4 395.2 493.0 294.4 400 .6 500.8 295.4 395 .5 492.0 ::,:::, 
9 297.6 398.0 498.0 302.1 396.0 508.0 302.4 397.3 495.0 302.1 404 .2 501.3 305.7 409.4 512.0 300.9 398.4 498 .3 300.4 399 .5 498.0 t,1 
IO 294.4 398.0 497.3 302.8 403 .9 504.0 298.0 402.8 502.6 304.7 404 .2 505.4 297.2 399.6 504.0 299.2 400 .2 502.0 301.2 406.0 526.0 ~ 
11 302.0 403.2 499.5 301.7 403.2 500.4 301.8 405 .6 501.3 298.0 393.4 491. l 297.2 395.6 493.3 311.5 411.8 51 3.3 296.8 391.9 497.4 i;; 
12 305.6 41 1.1 515.0 300.2 401.7 477.6 306.2 408 .2 507 .7 298.0 393.4 490.8 296.9 388.5 488 .4 307.4 412.2 508.6 310.2 396.4 510.0 £ 
13 305 .9 411.0 51 4.3 297.9 398 .0 495.3 306.0 410.8 511.0 294.0 388.5 480.0 295.8 392.8 489. 1 304.0 413.6 513.7 290.2 392 .0 488. 1 
14 304 .4 408 .6 512.0 297.9 397.0 497.3 304 .4 407 .3 499.3 296.4 396.2 490.8 297.6 396.4 498.9 305.2 406.0 506.9 294.7 392.4 495.8 g' 
15 311.2 414.4 517.5 304.9 411.0 512 .3 313.0 417.6 539.0 302.0 400.6 501.3 298.8 396.2 496.6 313.4 429 .9 534.0 303.0 402 .6 505 .4 b 
Average 303 .8 406.0 506.0 300.0 400.0 500.0 302.0 403.0 502.5 299 .0 400.0 498.0 302.0 401.0 502.0 303 .0 407.0 507.0 298.0 395 .0 497.5 j 
1 Lower plane: I, left rear; 2, left fron l ; 3, right front; 4, rig ht rear; 5 , cen ler. Mid-pla ne: 6 , left rea r; 7, left fro nt; 8, right front; 9, right rea r; 10, center . Z 
Upper plane: I I , left rear ; 12, left fron t; 13, right fro nt; 14, right rear; 15, center. <X> 
°' 
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TABLE 28.-Surf temperatures for small areas of oven A. 
Temper-
I I I I I I I I I I I aturc 1 2 3 4 5 6 7 8 9 10 11 12 
500° 221.2 219.6 210.0 217.2 243 .2 243.2 278.8 283.4 283.4 269.0 257.4 260 .S 
400° 191.5 190 .0 183.0 186. 1 206.3 205.5 203.9 221.2 222.0 218.8 214.0 2H .8 
300° 157.0 156.2 151.2 150.3 160.3 165.1 166.7 166.7 167.6 167.6 166.0 167.6 
Temper-
I I I I I I I I I I I I ature 13 14 15 16 17 18 19 20 21 22 23 24 
500° 142.0 134.5 125.5 122.0 121.1 112.6 125.5 132.0 136.2 141.2 158 .6 161.9 
400° 121.1 11 2.2 108.7 103.5 102.5 103.5 104.3 111.4 116.6 121.1 133.6 rn.s 
300° 111.4 103.5 99.9 98.2 97.3 103.5 102.5 107.0 107.8 109.6 11 6.6 120.2 
Temper-
I I I I I I I I I I I I ature 25 26 27 28 29 30 31 32 33 34 35 36 I 
500° 126 .2 133.6 133.6 133.6 145.3 I 18.4 121.1 121.1 121.1 121.1 117.6 120.2 
400° 115.8 121.1 121.1 120 .2 120.2 102.5 105.2 105.2 105.2 103.5 102.5 104.3 
300° 101.7 107.8 107.8 107.0 104.3 78 .2 96.4 95.5 94.6 94 .6 94.6 94.6 
TABLE 29.-Surface temperatures for small areas of ovens B '34 and B '35. 
Temper-
I I I I I I I I I I I I alUre I 2 3 4 5 6 7 9 IO 11 12 
500° 174.0 162.7 157.8 170.8 195.4 201.6 20 1.6 196.2 151.2 151.2 151.2 150.3 
400° 133.6 133.6 130.3 137 .8 162 .7 168.4 170 .8 166.7 132. 8 133 .6 132.0 132.8 
300° 125.0 118.8 11 8.0 127 .1 139.5 143.6 146.2 142.8 114 .9 114.0 114.0 114 .9 
TABLE 30.-Surface temperatures for small areas of oven C. 
Temper-
I I I I I I I I I I I ature I 3 4 5 6 7 8 9 10 II 12 
500° 167.2 183 .1 187 .9 188.3 193.2 192.6 196.9 222.0 214.4 197.3 150.3 174.9 
400° 152.7 160.1 160.5 157 .7 157.3 157.3 161.4 180.6 172 .8 158.6 133 .7 144.1 
300° 144.1 146.1 145.7 154.6 152.4 151.1 152.4 161.1 150.3 139.5 109.2 I 17.0 
Temper-
I I I I I I I I I I I ature 13 14 15 16 17 18 19 20 21 22 23 24 I I 
500° 181.0 171.2 168.7 167.5 165.5 165.1 166 .7 177 .7 177.3 164.7 202.0 187 .2 
400° 152.9 148.2 149.5 148 .6 147.0 144.0 146.1 151.5 151.5 140.7 170 .8 164.3 
300° 127.4 127.4 128.3 127.9 127.0 127.9 129 .1 132.4 128.7 116.2 139 .9 136.6 
TABLE 31.-Surface temperatures fo r small areas of oven D. 
Tcmpcr-1 
I I I I I I I I I I I I aturc: I 2 3 4 I 5 6 8 9 10 II 12 13 14 I I 
500° 195.4 195 .4 197.0 197.0 193 .8 193 .8 206.3 226.0 229.7 231.2 240.0 237.6 214.0 210.8 
400° 162.7 162.7 162.7 162.7 159 .5 160 .3 179 .0 193 .8 193.8 198.5 203.2 197.0 179.8 174.9 
300° 132.8 132.8 133.6 132.0 130.3 129.5 140.4 151.2 15·3.0 152.0 15 7.8 154.6 142.8 141.2 
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TABLE 32.-Surface temperatures for small areas of oven E. 
Temper-1 
I I I I I I I I I I I 
I 
I ature I 2 4 s 6 8 9 10 II 12 I 13 14 
500° 109 .6 11 6 .1 122.0 129.5 138 .7 142 .0 150 .3 150 .3 149.5 146.2 140.4 129 .5 137 .8 142 .0 
400° 102 .5 102.5 11 2.2 119.4 121.1 121.1 125 .5 128.7 126.2 126.2 120.2 11 2.2 121.l 124.6 
300° 91.0 94.6 96 .4 98 .2 99 .0 99 .0 105.2 107 .8 108.7 107.8 103.5 99 .0 107.0 107.8 
Temper-1 
I I I I I I I I I I I I I ture IS 16 17 18 19 20 21 22 23 24 25 26 27 28 I 
500° 144.5 142.0 147 .8 152 .8 149.5 149.5 150.3 157.8 174.0 183.0 183 .0 178.2 170. 8 163.5 
400° 126.2 124 .6 136.8 132 .8 131.2 137 .8 132.8 141.2 150.3 154 .6 154 .6 151.2 147.0 144.S 
300° 107.8 104.3 112.2 113. 1 111.4 111.4 109.6 109.6 11 3. 1 11 6.6 IJ 7.6 118.4 11 7.6 I 17.6 
TABLE 33.-Surf ace temperatures for small areas of oven F. 
Temper-1 
I I I I I I I I I I I I I atu re I 2 3 4 6 7 9 IO II 12 13 14 I 
500° 166 .7 172.4 172 .4 170.8 170 .0 170.8 186 .1 207 .1 222 .8 229.0 230.5 21 4.8 198.5 193.8 
400° 142.0 146.2 144.5 144.S 145 .3 146.2 158.6 174 .0 186.8 195 .4 194 .6 183.0 170 .8 166 .0 
300° 121.1 122.0 122 .0 121.4 12 1.1 122 .0 131.2 141.2 149 .S 153 .6 153.6 144.5 137.8 137.0 
Similarly the middle value denotes the temperature for 400 ° F., steady 
state, and the lower value for 300 ° F., steady state. Temperatures could 
not be suitably placed on certain areas which were too small and so the 
temperatures for these areas have been given in Tables 28 to 33. 
OPEN-DOOR LOSS 
During the investigation of electric ranges the loss of heat due to 
opening the oven door was determined. A similar test was performed for 
gas ovens so that a comparison could be made. The oven was first brought 
to the steady state for the desired test temperature, the loss being deter-
mined at 300 °, 400 °, and 500 ° F ., and then the input was increased 
slightly and the open-door test started. The door was opened for 20 
seconds at 5-minute intervals. Obviously the temperature would not re-
main constant as in the case of the empty-oven heat loss, but the average 
temperature was kept as nearly constant as possible. The heat loss due to 
opening the door was computed as follows: 
Let A equal the total heat loss in B.t.u. per hour at the oven tem-
perature T 0 , as determined from the test data. This total heat loss is 
composed of two parts: first, the empty-oven heat loss at T ° F., and 
second, the open-door heat loss for the 20 seconds opening at 5-minute 
intervals. D esignating the empty-oven heat loss as B B.t.u. per hour, the 
difference between the total heat loss and the empty-oven heat loss, when 
both losses are observed at the same oven temperature, will be ( A - B) 
B.t.u. per hour. 
During a one-hour period the door would be opened twelve times at 
5-minute intervals; hence the heat lost every time the door was opened 
was ( A - B) / 12 B.t.u. This represents the quantity of heat lost during 
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20 seconds, so the heat loss per unit time would be (A-B)/ 240 B.t.u. 
per second or (A-B)/ 4 B.t.u. per minute, or 15(A-B) B.t.u. per hour. 
For plotting the results, the unit used was B.t.u. per minute. 
While obtaining the data for the open-door loss, the oven could not be 
kept in the steady state. During the 20 seconds while the door was open 
the temperature dropped sharply about 200 degrees and during the first 
40 seconds after the door was closed the temperature recovered almost 
as rapidly. An example of the fluctuation in temperature is shown in 
Figure 28. All of the ovens acted in a similar manner. The amount of 
heat lost in B.t.u. per minute is shown in Figure 29. No open-door loss 
data were obtained for oven F, but the curve for this oven should agree 
very closely with that of oven B '34. 
Since oven A had one of the highest heat losses and was the most 
rapid in cooling, it would be anticipated that the open-door loss would be 
in the same region as oven B '34. All of these ovens had the same area 
of door opening, as is shown in Table 2. It was noticed during the opera-
tion of the open-door test for oven A that the thermostat began to operate 
as soon as the door was opened. This thermostat was located at the bottom 
and rear of the oven, in contrast to the other thermostats which were either 
at the mid-plane or the top. Evidently the cold draft of air sweeping in 
at the bottom affected the thermostat quickly enough so that an increase 
in heat was obtained earlier than in the other ovens. This seemed to be 
enough to lower the open-door loss for this oven. 
CHANGES IN DESIGN WHICH IMPROVE PERFORMANCE 
The technical performance of an oven must be considered in terms of 
all the aforementioned results, for a consideration of only one or two 
factors might lead to a distorted view. A discussion of one or two of the 
ovens should help as an example. 
If temperatures of 250 ° and 300 ° F. are considered as low baking 
temperatures it is apparent from Table 25 that with three of the ovens low 
temperatures were not obtained . The fact must not be ignored that these 
ovens are to be used for actual baking and roasting. There is at present 
a demand for a controlled temperature of 300 ° F. for meat roasting, and 
some foods, such as fruit cakes, require a temperature of 250 ° F. The 
tests performed revealed that ovens B '35 and F obviously would not fulfill 
these requirements. 
Consider first oven B '35. What changes could be made so that lower 
temperatures could be obtained? The preheating time is controlled by the 
gas orifice adjustment, and the heat losses are a function of the oven con-
struction. If orifice adjustment and oven construction are not modified 
these factors will remain unchanged. Low temperatures depend upon the 
ability of the burner to maintain a low by-pass flame and since the by-pass 
flame on the burner was adjusted to be as small as possible, no further 
adjustment here could be made. The trouble lay in the burner itself. 
Assuming from Table 4 that the input for a uni versal burner shou ld be 
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20,000 B.t.u . per hour per square inch of port area, the analysis as listed 
in Table 7 shows that this burner was designed to operate with an input 
of 28,428 B.t.u. per hour. Evidently there was too much port area. The 
next step was to compute the required port area according to recommenda-
tions for proper burner design. This was done as follows: 
On the basis of an input of 8,000 B.t.u. per hour per cubic foot of oven 
space, the proper input for this oven should be 19,256 B.t.u. per hour. 
(The preheat curve in Figure 15 shows that with this input this oven 
heated to 500 ° F. quicker than any of the other ovens, the rate of heating 
being almost 32 degrees per minute.) Allowing 20,000 B.t.u. per hour 
per square inch of port area, the required port area should be 0.9628 
square inch. This burner was drilled with a No. 34 drill, and thus the 
total number of ports necessary would be between 99 and 100. Allowing 
for the four small ports as indicated in Table 7, 24 ports on each side of 
the burner were closed with brass plugs so that 96 ports of No. 34 drill 
size and four ports of No. 42 drill size were left. With this decrease in 
the number of ports it was possible to decrease the by-pass flow of gas. 
The thermostat was then set at 400 and found to check. Next, the dial 
was set at 250 and the empty oven was maintained at a temperature of 
300 ° F. 
At this time it would be well to discuss some cooking tests that were 
conducted with this rebuilt oven. First, two fruit cakes having a total 
weight of 4 ½ pounds were baked at a temperature of 250 ° F. These 
cakes were baked in two long pans so that all fifteen couples could be 
used. The baking was started in a cold oven and in 10 minutes the 
temperature registered by the five mid-plane couples was 253.2 ° F. In the 
next 10 minutes the temperature rose to 261 ° F. and then gradually 
dropped to 255 ° F., where it was maintained for two hours. The tem-
perature again began to rise until the maximum of 264 ° F. was reached at 
the end of 210 minutes. The total baking time was 240 minutes, during 
which time the temperature never went higher than 264 ° F. The cakes 
were excellently baked. 
Experiments were carried further by substituting wet sand for the fruit 
cake. The sand was baked in four oblong tin pans having dimensions of 
3¾ by 7½ by 2 inches. Two pounds of the sand-water mixture were 
contained in each pan, the sand and water being mixed in the proportion 
of 10 pounds of sand to 1 ½ pounds of water. With the thermostat set at 
250 the oven was maintained at an average temperature of 251 ° F. for 
3 hours and 15 minutes, the maximum being 258° F. and the minimum 
being 245.6 ° F. The first 30 minutes were used to bring the oven tem-
perature to 245.6 ° F. At the end of the period the sand was removed and 
weighed and it was found that practically all of the water had been 
evaporated. The sand could be considered as almost dry, since only 1/ 16 
of an ounce of water was left in the 8 pounds of mixture. This test was 
repeated with the dial set at 300 and 400 and the results showed that this 
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oven could be maintained at a temperature which corresponded exactly to 
the dial settings. 
Finally, this oven was used to roast six standing rib roasts, four of 
which weighed 10 pounds each and two weighed 8 pounds each. The 
roasting temperatures were 300° F. and 450 ° F. Again by using a couple 
in the center of the oven at the top, the oven temperature was checked 
during the roasting and every check showed that the oven air temperature 
around the thermostat agreed with the dial setting. 
It will be noticed that a similar situation arose with oven F. Reference 
to Table 7 shows that the burner in oven F should be used in an oven 
requiring an input of approximately 36,800 B.t.u. per hour. In contrast, 
the input required as determined from the oven size was 19,136 B.t.u. 
per hour. On the basis of the latter input, 128 ports of No. 40 drill size 
would be sufficient for this burner. The first experiment tried was a 
modification of the burner by plugging half of the ports in the oven burner. 
\Vith the thermostat set at 250, temperatures slightly below 300° F. could 
be obtained, but such a burner would be unsatisfactory because the spacing 
between successive ports was too large. Thus, with the port spacing more 
than four times the diameter of the port, the flame would not travel readily 
from port to port. The next experiment tried was to drill a new burner. 
An undrilled burner was purchased from the manufacturer and drilled in 
the laboratory. The burner was drilled with a 7 / 64-inch drill, this size 
being only slightly smaller than the No. 34 drill recommended for a uni-
versal burner. The burner was first drilled for 86 ports and although a 
temperature as low as 280 ° F. was obtained, the burner was not entirely 
satisfactory because there was a tendency for the flames to blow from the 
ports. With the 102 ports, the lowest temperature obtained for a dial 
setting of 250 was 300° F . This burner proved satisfactory since each port 
was carrying about 188 B.t.u. per hour. 
CONCLUSIONS FOR OVEN TESTS 
The most evident conclusion to be drawn from the data obtained for 
ovens is that it is not possible to predict the performance of an oven in 
terms of known factors from other ovens. \Vith regard to any one oven, 
certain factors must be assumed unless tests are performed to obtain 
reliable information. First it must be assumed that the actual oven tem-
perature will agree with the dial setting. The calibration data showed that 
this assumption was invalid at the 400 mark for 43 per cent of the ovens 
tested. The calibration showed further that after the thermostat was 
adjusted so that the dial setting of 400 agreed with actual oven temperature, 
only 14 per cent of the ovens would have temperatures as low as 300 ° F. 
Secondly, no assumption that will give any clue relative to preheating 
time and heat losses can be made from the construction of the oven. It 
will be noticed from the preheat curves in Figure 15 that the fastest-
heating ovens were A and B '35, which had insulation about half as thick 
as that of oven E, which ranked third . Likewise, where it would be 
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expected that the oven with the thickest insulation would have the lowest 
heat loss, the heat-loss curves in Figures 19 and 20 show that an oven 
having only 1 inches of insulation had the lowest heat loss. 
The manufacturer should recognize the importance of building a good 
oven because the consumer must depend upon him for quality of oven 
in a stove. A good oven should preheat rapidly, it should have a low heat 
loss, it should have uniform temperatures within the oven, and the 
thermostat dial readings should agree with the oven temperatures. These 
factors are not difficult to obtain if care is used in construction . All the 
tests showed that the thermostats were reliable; that is, when properly 
adjusted correct temperatures could be maintained. It should be the duty 
of every manufacturer to ascertain that each thermostat is properly cali-
brated and adjusted before the stove is placed on the market for sale. 
Finally, the experiments performed on ovens B '35 and F definitely showed 
that ovens can be constructed to maintain temperatures of 250 ° F. Thus, 
more attention should be given to burner design, for it is in this sphere 
that most of the trouble rests. 
THE PERFORMANCE OF THE SURFACE BURNERS AND 
OVENS FOR ACTUAL COOKING 23 
During the course of the investigation of these ranges, emphasis has 
been placed upon technical tests. The fact must not be forgotten, how-
ever, that the primary purpose of cooking equipment is that of actually 
cooking food. Thus, in order to observe the performance of the surface 
burners and ovens from the housewife's point of view, actual cooking 
practices were performed. It was felt that the one who did the cooking 
should know nothing of the results of the technical tests, so the only in-
structions given were to perform the tests in the manner that the average 
housewife would do the cooking, placing emphasis upon the use of as 
little gas as possible to acquire the desired product-in order words, good 
cooking done as economically as possible. 
The important features of these tests were to determine the amount of 
heat required and the variations in the finished products. The important 
data for these tests are summarized in Tables 34 and 35. There was 
practically no variation in the finished products cooked on the surface 
burners. The following comments were made on the baked products : 
The butter cakes were nicely browned. T he custards were soft and smooth. 
T he sponge cakes from ovens A, B, and E were evenly browned, the cakes 
from ovens C and F had a perfect brown and texture, while the cake 
from oven D was slightly cracked and rather brown. The thermostat for 
oven D should have been at 325 ° rather than 350° F. The apple pies 
were nicely browned, the ones from ovens B, C, and D being superior in 
color to those from ovens A, E, and F . The bread was about the same 
from each oven. The biscuits from ovens B, C, and E were nicely browned 
All cooking operations were performed by Mrs. Edna B. Snyder of the research staff of the 
Home Economics Department. 
0\ 
-"" 
TABLE 34.-Gas consumption in B.t.u. for foods cooked on surface burners
-:,mer I Potatoes I Carrots 
Gas used I Pa n No. I 
Cabbage z 
assembly p N j Quantity I Gas used Pan No. I Quantity j T ime I Quantity I Time I t,j an o. Time Gas used "' :,, 
Lb.,. M in. IJ.t .tl. Lb.i . M in . JJ.t .11 . Lbs. Min ... Set . B.t .u. > 
A I I½ 20 1,256.4 I I 21 1,393 .8 7 ¾ 15- 0 1,878.6 ~ > A 7 I¼ 18 1,634 .1 7 I 1/, 20 1,626.1 I I 19- 0 2,3)2.8 
A 4 3 27 2,878 .5 I 2 25 2,070 .5 4 2 24- 0 2,5J9.8 > 
,\ 4 1 2 24 1,541.2 4 3 27 1,979.6 C) 
?' 
B I 11/, 19 1,159 .4 I I 20 881.7 
tT1 B 7 11/2 24 1,048.3 7 I ½ 25 1,260.5 7 ¾ 16-45 1,646.3 ~ ll 4 3 38 1,828 .1 I 2 39 1,681.6 I I 19-25 1,838.2 
'O 
ll 2 1 2 35 1,530 .1 2 4 3 39 2,504.8 4 2 24- 0 2,398.7 
B 4 1 2 59 1,868.5" VJ 
B 4 1 2 39 2,035 .1 • ,_, ?" 
C I 11/, 22 1,218.0 I I 20 1,159.4 7 ¾ 20- 0 2,368.4 :,::I C 7 1 ~~ 23 1,452.0 7 l¼ 24 1,585.7 I I 21- 0 2,615.9 t,j 
C 4 3 29 1,944.2 I 2 25 1,785.6 4 2 26- 0 3,272.4 
"' C 4 1 2 36 1,953.3 4 3 33 2,580.5 t,j > ~ 
D I 11/i 20 1,240.2 I I 21 I , 12 1.l () 
D 7 Jl;'.i 22 1,227.6 7 I ½ 20 1,373.6 7 ¾ 15-22 1,797.8 ::i; 
I) 4 3 23 1,793 .7 I 2 26 1,802.8 I I 19- 0 2.81 2.8 t:cl 
l) 4 1 2 33 1,739.2 4 3 30 2,141.2 4 2 24- 0 3.514.8 d 
r 
E I i' ' 30 1,848.3 ' I I 26 2,01 4.9 r ,, t,j 
E 7 11/, 27 2,090.7 7 1½ 3 1 2,605.8 7 ¾ 21- 0 2,883.5 ,_, 
E 4 3 33 2,99 1.6 6 I 2 32 2,757.3 I I 2 1- 0 2,752.2 z E 4 1 2 39 2,729.0 4 3 39 3,393.6 4 2 22- 0 3 ,184.5 
00 
F I I i'i 23 1, 195.8 I I 20 865.5 0\ 
F 7 1: -; 23 1,365 .5 7 l ~'i 28 1,401.8 7 ¾ 18- 0 1,585.7 
F 4 3 27 1,581.6 I 2 25 1,422 .0 I I 20- 0 1,977.5 
F 4 1 2 39 1,729 .0 7 4 3 40 2.156.3 4 2 25- 0 2 ,408.8 
Burner I Pan-broiled steak 
assembly 
Skillet Weight Sh ri nkage 
Lb.,. Os . Oi. 
A Iro n I 2 5/ 8 4 5/ 16 
A Al uminum 15 5/ 16 3 5/8 
ll I ron I I 3/8 5 5/ 8 
B Alumin um I 1/ 4 3 1/ 8 
C Iron I 6 3/ 8 4 5/ 8 
C Aluminum I 4 1/8 4 1/ 2 
D Iro n I 5 9/ 16 5 7 / 16 
D Aluminum I 2 1/ 16 3 1/ 2 
E 
E 
F 
F 
Iron I 11 5/ 16 3 3/ 4 
Aluminum I I 9/ 16 4 7/ 8 
Iron I 6 9/ 16 4 1/ 16 
A lu minum I 6 9/ 16 5 5/ 16 
1 Denotes whole potatoes. 
2 Simmer used-evenly cooked . 
3 Simmer used-water would not boil around outside . 
4 Low flame used- evenly cooked. 
5 More water would be needed if no t carefu ll y watched. 
I Time 
Min. Sec. 
11-56 
\ \ . JS 
16- 0 
11 -10 
14- 0 
14- 0 
12 - 0 
9-50 
14 -10 
14- 7 
14-47 
16- 4 
6 Some water left on potatoes at end of cook ing but they were burned on bottom 
1 Water could not be kept boiling with simmer- low flame used . 
8 Temperature too hi gh. Flame could not be turned low enough. 
Gas used I Weight ! Shrinka ge 
U.t.u . Lin. Oz. 
1,397 .8 
1,300.8 4.039 17 1/8 
1,409 .7 
1,161.5 4.175 21 3/8 
1,666.5 5 .348 29 5/ 8 
1,571.5 
1,469.5 4.406 31 3/ 8 
1,296.8 
1,903.8 3.336 21 5/ 16 
1,850.4 
1,347 .3 3.855 20 7 / 16 
1,414.0 
Pot roast 
Time I Gas used 
Mrn. 11.t.u. 
144 5,605.5 
145 4,979.3 
176 8,009.3 
136 9,090.0 
141 6,181.2 
148 4,868.2 
/ Gas used 
per lb. meat 
I.J .t.u . 
1,390 
1,190 
1,498 
2,0W 8 
1,840 
1,263 
(J) 
t'1 
t"' 
r,j 
() 
., 
m 
l;;l 
..., 
><: 
"' t;; 
0 
>rj 
0 
> 
"' 
(J) 
., 
0 
< 
t;; 
°' \J! 
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TABLE 35.-Gas consumption in B.t.u . for foods cooked in ovens and 
broilers. 
Bread I Butter cake 
Oven No . loaves and I Preheat Baking Wt.of I Gas used I Time I Dia l . Gas used kind of pan Dial Time Dia l Ti me b re, td Preheat I Baking 
Min. Min. Lb,. Oz. B.t.u. Min. !din. B.t.u. 
A Alu minum 450 15 450 15 3- 4 9,817.2 350 IO 60 8, 120.0 
350 35 
A Pyrex 450 17 450 15 3- I 9,488.9 
350 30 
A 6 Tin 450 15 450 45 10- 0 12,645.2 
B '35 Aluminum 450 18 450 22 3- 2 ~~ 9,625.3 
350 23 
B '35 Pyrn: 450 15 450 15 2- 4 9, 191.0 350 10 80 1 8,524.0 
350 30 
B '35 6 T in 450 15 450 15 10- 4 11 ,190.0 
350 35 
C Alum inum 450 15 450 15 3- 9 10,100.0 
350 30 
C Pyrex 450 15 450 15 3- 3 9,453.0 350 15 66 8,393.0 
350 30 
C 6 Tin 450 15 450 15 10- 6 11 ,968.0 
350 55 
D Al uminum 450 15 450 15 3- 9 9,3 12.2 
350 30 
D Pyrex 450 15 450 15 3- 5 9,170.8 350 12 73 2 8,968.0 
325 30 
D 6 Tin 450 15 450 45 10- 5 V, 11 ,190.8 
E Aluminum 450 15 450 15 3- 0 8,610.2 
350 30 
E Pyrex 450 15 450 14 3- 4 8,645.6 350 10 77 3 8,655 .0 
350 31 
E Tin 450 15 450 25 7- 6 I 1,009.0 
350 35 
F 2 Alumi num 450 15 450 45 3- 9 12 ,019.0 
F 2 Pyrex 450 15 450 45 3- 6V, 11 ,857.4 350 14 82 11,554.4 
F 6 Tin 450 15 450 60 10- 14 15,331.8 
i I Dial Sponge cake I Custard I Apple pie Time Gas used Time Gas usedl Bakin g / Preheat I I Preheat[Baking I Dial Dial/ Time I Dial I Time Gas used _Preheat[Baking 
Min. Min. B.t.u. Min. Min. B.t.u. Min. Min. B.t.u. 
A 300 14 86 9,150 .6 325 IO 95 11 ,251.4 450 15 450 29 9,645.5 
350 16 
B '35 325 15 55 4 7,049 .8 325 10 103 10 ,928.0 450 15 450 20 9,413.2 
350 25 
C 330 15 80 8.867 .8 325 15 135 13,675 .4 450 15 450 20 9,393 .0 
350 25 
D 350 15 45 7,878.0 325 10 85 10,650.0 450 15 450 20 9,100.1 
350 25 
E 325 15 60 7,635 .6 325 10 125' 10,706.0 450 15 450 18 8,918.3 
350 27 
F 325 IS 30 11,958.4 325 IO 90 12,301.8 450 15 450 45 11 ,312 .0 
SELECTED TYPES OF GAS STOVES 67 
i I Dia l Baking powder biscuits I Rolled rib roast I Gas used ~-.- Gas used Weight Shrink· T?tal _Prehe~ t Roa st ing Gas per lb. l, Preheat lBLkrng I I age I T ime Dial I Time [Di al ! T ime I usr-d me.i.t 
AD11 . Min. B.t .u . Lbl . Oz. Oz. Min. Min. Min . B. t.n . B.t.u. 
500 20 
A 450 14 6,610.4 5- 3/ 8 23 5/ 8 169 500 22 350 125 23,785.5 4,730 
400 122 
B 35 450 15 12 5,736.8 5-2 7 /8 17 1/ 2 175 500 20 500 20 21 ,750.0 4,200 
350 135 
C 450 15 II 7,191.2 5-2 16 1/ 2 162 500 20 500 20 19,008 .2 3,710 
D 450 15 15 6,524.6 350 122 
D 500 15 12 8,484 .0' 6- 1/ 8 17 'i/ 8 192 500 20 500 20 21,008.0 3,500 
350 152 
E 450 15 12 6, 140.8 5-1 19 1/ 4 203 600 30 600 17 21,210.0 4,195 
450 19 8 
F 450 15 18 7,837.6 4-3 5/ 16 19 3/ 16 155 500 20 500 20 23,785.5 5,650 
350 115 
Broiled sirloi n steak 
Broiler I Weight Shrinkage T hick ness 
Broiling Gas used 
G:i.s used per lb. 
Dia l Time meat 
Lbl. Oz. Oz. In. Min. B. t.u . B .t .11 . 
A 3-13 5/ 16 8 1/ 2 I 1/ 2 550 22 5,858.0 1,530 
B '35 4- 3 I I 1/ 2 I 1/ 2 broi l 26 1/ 4 7,878.0 1,880 
C 2-13 1/ 8 15 11 / 16 I broil 22 6,4 13.5 2,275 
D 3- I l / 8 17 1/8 I 550 25 6,353.0 2,070 
E 2-11 3/ 4 16 I 9 27 7 ,494 .2 2,900 
F 4- I 7 /8 17 9/ 16 I 1/ 2 broil 43 11,473.6 2,785 
0 Preheat e nergy ca lculated. 
7 Repeated- not browned at 450-see text. 
1 Flame extinguished at 70 minutes. 
2 Flame extinguished at 64 m inutes. 
3 Flame extinguished at 74 minutes. 
4 Flame extinguished at 50 minutes. 
8 Part of lhe roasting was done on retained heat . 
9 Separate broi ling compartment- no heat contro l. 
5 Flame extinguished at 105 mi nu tes. 
on both top and bottom and while those from oven F were quite evenly 
browned, the quality would have been better if the thermostat had been 
set at 500 ° F. The biscuits from oven A were not as brown in the center 
of the sheet as those around the outside. With the thermostat of oven D 
set at 450 ° F. the biscuits were not evenly browned, those on the left side 
of the oven being browner than those on the right. With the thermostat 
set at 500 ° F. a good product was obtained. The rolled roasts were nicely 
browned but rare inside. The steaks from broilers A and B were very 
rare inside, nicely browned outside, and slightly burned near the bone. 
The other four steaks were broiled medium rare. 
The final question to be considered is, How do the results of the 
cooking tests compare with the results of the technical tests? Analyzing 
the surface burner and oven cooking tests on the basis of first, second, 
third, fourth, fifth , and sixth place for each similar set of tests and then 
finding the average for each burner assembly and oven, the final ranking 
is as fo llows: 
Surface 
Place burner Rank Oven Rank 
1st F J. 78 E 1.88 
2nd B 2.21 B 2.66 
3rd D 3.43 D 3.00 
4th A 3.93 C 3.77 
5th C 4.1 4 A 4.11 
6th E 5.50 F 5.77 
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, Reference to the average value of the efficiency for pans 1 to 6 in 
Table 12 will show that the ranking from first to sixth place for burners 
A to F, with first place given to the highest efficiency is identical with 
the ranking listed for the surface burner cooking tests. Thus it appears 
that the cooking tests are a confirmation of the technical tests. 
Finally, with regard to ovens, if the results for the technical tests 
covering preheating, oven heat loss, and open-door loss were considered 
together, the ranking of the ovens would be very similar to the ranking 
according to the cooking tests. 
APPENDIX I 
LABORATORY AND EQUIPMENT 
Past experience had indicated that it would be desirable to maintain the room 
temperature as nearl y constant as possible during oven tests. Thus, at the beginning 
of the project a room approximately 15 feet square by 12 feet high was constructed, 
using ½ -inch wal I board as the sheathing. The walls were about 4 inches thick. 
Fresh outside air for ventilation was forced through the grills of two water-cooled 
automobile radiators. Complete circulation of the cooled air throughout the room was 
accomplished by the use of electric fans. Two 660-watt electric heaters were used to 
heat the room. The cooling system, the fans, and the heaters were controlled by a 
Minneapolis-Honeywel l T ype 40, Series 20, thermostat operating a Minneapolis-Honey-
well T ype D motor regu lator which closed the water valve and electric switches . This 
thermostat was designed for a sensitivity of ± 1 degree F., but actually it was adjusted 
so that the sensitivity was ±0.75 degree F. 
The volume of gas consumed was measured by an American Meter Company one-
cubic-foot 10-light wet-test meter. The accuracy of the meter was checked by using 
the aspirator bottle method of calibration. The results of this calibration are given in 
Appendix II. Ahead of the meter was placed a Reliance Type H pressure regulator, 
which reduced the inlet pressure from approximately 2.7 pounds per square inch to 
an outlet pressure not greater than 14 inches of water. Pressures required for the 
various tests ranged from 2 inches to 8.75 inches of water and were measured by 
water manometers. Atmospheric pressure was determined by a Tycos aneroid barometer 
which had been checked against the barometers at the local weather bureau station. 
Experience had shown that the most satisfactory and convenient method of meas-
uring temperature was to use copper-constantan couples connected to a Leeds & 
Northrup portable potentiometer. With this instrument temperatures could be measured 
to within approximately 0.7 degree F. The couples were made by twisting together 
No. 28 enameled copper and constantan wire. The couples when calibrated at the 
boiling point of water and the boiling point of naphthalene were found to agree with 
the e.m.f.-temperature tables furnished by the Leeds & Northrup Company. 
In the absence of a density balance the following method was used to determine 
the specific g ravity of the gas. The gas rate of a fixed orifice was determined at a 
known specific gravity for a meter pressure of 7 inches of water. The gas rate for a 
specific gravity of 0.72 and meter pressure of 7 inches of water was then calculated, 
· its value being 10.19 cubic feet per hour at 30 inches of mercury, 60° F., and this 
value used as the basis of calculation for unknown specific gravities which may be 
calculated by using the formula q = Ka d. Using this method the orifice tem-
perature must be kept at 75 ° F., this being the temperature at which the gas rate 
was determined. The specific g ravity at the time of calibration was determined at the 
meter testing laboratory of the Northern Natural Gas Company, their values being 
determined by a density balance. 
Samples of the flue products were analyzed for carbon dioxide and oxygen by 
means of a Burrell Orsat apparatus and for carbon monoxide by means of an iodine 
pentoxide apparatus. For the design and operation of the apparatus, refer to rhe Gas 
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Chem ist 's Handbook (3d ed.) A. G. A., 1929; Sampling prod ucts of combustion from 
gas appliances , F. E. Vandaveer, A. G. A. Mo., October, 1929; Carbon monoxide in. 
the products of combustion fro m natural gas burners, Bureau of Standards Tech. Paper, 
212, 1922; A method fo r testing gas app liances to determine their safety from pro-
ducing carbon m onoxide, Bureau of Standards Tech. Paper 304, 1926; Sampling and 
examination of mine gas and natural gas , Bureau of Mines, Bui. 197, 1926; and Bureau 
of mines Orsat apparatus for gas anal ysis, Bureau of Mines, Tech. Paper 320, 192 5. 
APPENDIX II 
METER CALIBRATION 
The disp lacement method as outlined in Industrial Gas Ca lorimitry 1 was used to 
ca librate the meter. A coppe r ta nk having a capacity of 1.8 cubic feet was equi pped 
as an aspirator bottle. T he volume of gas draw n th rough the meter was ca lculated 
from the correspond ing weight of water displaced fro m the tank. Before m easurements 
we re taken, the water in the tank was thoroughl y sa turated with gas. In making the 
tests , the water in the meter and tank and the gas passing through the m eter and the 
tank were kept as near room temperature as possible. In most of the tests this was 
accomplished so that no temperature correction had to be made. Correc tions were 
made fo r buoyancy, density of water, pressure difference of gas in meter and in tank, 
and tem perature difference of gas in meter and tank. A samp le data sheet for one 
test is given in Table 36. 
A total of fourteen tests were made, covering full revolutions and quarter revolu-
tions. The average vo lumes of gas passed as determined from the tests we re as 
fo llows: for one revolution, 1.0032 cubic fee t ; for the fi rst quarter revolution, meter 
reading 0.00 to 0.25 , 0.2535 cubic foo t ; for the second quarter revolution, meter 
read ing 0.25 to 0.50, 0.2554 cubic foot; for the third quarter, m eter reading 0.50 to 
0.75, 0.2441 cubic foot; and for the fo urth quarter, m eter reading 0.75 to 1.00, 0.2505 
cubic foot. 
The results of the calibration show that each quarter did not deliver the same 
volume of gas and the volume of one revolution was slightl y g reate r than one cubic 
foo t. However, since in most cases the volu me of gas consumed was ve ry small , no 
correctio ns on n1 eter readings we re n1ade for the expe rin1ental tests. 
T ABLE 36.-Sample data sheet for meter calibration . 
Time. 
Mete r reading , cubic feet. 
Room tempe rature, degrees Centig rade . 
Meter tempe rature , degrees Centigrade . 
Bottle tempe rature, degrees Centigrade. 
Bar ometric pressure, millime ter of mercury. 
Tota. I gas pressure at meter inle t, millimeters of mercury. 
Tota l gas pressure in bottle , millimeters of mercury . 
Weight of water, g rams. 
Computation : 
Weight of water, grams 
Correction fo r buoyancy. 
Correction for density of water. 
4 minutes, 12.4 seconds 
. .... Start 3802.9, end 3803.9 
25.0 
22.5 
22.0 
746.2 
759 .45 
753.85 
28,511.00 
Correction for difference of temperature of gas in meter and in bottle. 
Co rrection for difference of pressure of gas in meter and in bottle. 
Vol ume of gas p:1ssed into meter, cubic centimete rs. 
28,511.0 
+ 28.8 
+ 63 .0 
- 210.27 
+ 48.47 
28 ,441.00 
Volume of gas passed imo meter, cub ic feet. 
APPENDIX III 
TEST BOX 
l.OJ40 
When testing of the surface burners was started , the p lan was adopted to build 
several types of burners in an auxiliary burner box , thereby reducing in quantity the 
number of sto ves necessary fo r testing. This was thought adv isable since the number 
1 Burea u of Standards Tech. Paper 36, 1914. 
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of types of surface burners was greater than the number of types of ovens. The 
burner box was constructed of 10-inch white pine having a thickness of 13 / 16 inch. 
Its width and length was sufficient to accommodate the stove top of T ype E assembly 
and for those assemblies where onl y one-half of the top was used the other half was 
filled in with wood . The burner box was equipped with a metal drip pan below the 
burners. The entire box was built on a table; the gas manifold was placed inside the 
box so that the burners were protected from drafts. In all cases the assembly of burners 
was made to duplicate the assembly in the stove. A diagram of the box showing 
Type G grate is shown in Figure 30. 
FIG.30.-Diagram of test box. 
After the preliminary experiments had been conducted on the T ype D assembly, 
tests on the burner box assembly were performed. Early in the tests it became evident 
that this plan would have to be discontinued, for the wooden box did not react in 
the same manner as the metal box of a stove. Since the grate rested on asbestos laid 
between the metal and wood , it is obvious that the first thermal insulation between 
grate and box started here. Next, heat could not be readily passed from the interior 
of the box to the exterior by conduction and convection. On the whole, this constructed 
burner box was an insulated box assembly and thus not a duplicate of burner box 
construction in the stoves. 
The result of this type of construction would be higher efficiencies than would be 
found with the stove burner-box assemblies. This is shown by comparing the efficiencies 
of the T ype E assembly with those of the Type J assembly in Table 12. Thus, the 
efficiencies found for T ypes G, H , and J must be considered as being higher than they 
would have been had the tests been conducted with the burners built in the stoves. 
APPENDIX IV 
THE EFFECT OF TEMPERATURE ON GAS RATE FOR TYPE A BURNER 
When it was decided that the time of heating would have to be corrected, so that 
heating periods could be compared on a common basis, an attempt was made to dis-
cover what factors were affected by temperature in changing the gas rate. In Bureau 
of Standards Research Paper 49 ( 1929) the effect of temperature on the discharge 
coefficient of a square-edged orifice is discussed but no data are given which would 
help in locating the region of flow for the small orifices such as are used on gas stoves. 
According to the work of Hodgson, one would expect that these gas stove orifices would 
be operating in a region of "elastic" flow where both density and viscosity have an 
effect. The particular factor of interest is the relation of the discharge coefficien t to 
Reynold's number. Hodgson's "discharge coefficient-Reynolds number" curves are given 
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TABLE Change in gas rate with temperature for T ype A burner
Gas rate Discharge 
Gas cock tem perature 
Test 31 Test 68 
coe ffi cient 
K 
Deg. P. Cu. /t. / hr. Cu. ft ./ hr . 
77.7. 9.06 0.8300 
86.0 . . . ... . . . . . . . 8.910 0.8105 
92.3 . 8.92 0.8060 
103.5 8.780 0.7850 
105.9. 8.80 0.7840 
11 9.8 8.66 0 .7630 
121.5 . 8.650 0.7600 
129.0 . 8.63 0.7530 
134.5 8.51 0 0.7380 
134.8 8.57 0.7430 
137.8. 8 .53 0.7380 
H 0.6 8.46 0.7310 
142. 8. 8.435 0.7250 
H 3.5 . 8.49 0.7300 
146.5 8.46 0.7260 
149.5 . 8.355 0.7150 
154 .1 8.390 0.7140 
156.2. 8.360 0.711 0 
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FIG. 3 1.- Relation of d ischarge coefficient to Reynolds number according to H odgson . 
in Figure 31. For Reynolds numbers from 0 to 5 the region of flow is considered as 
viscous and in this region change in the discharge coefficient is due onl y to viscosity. 
For Reynolds num bers greater than about 150, the region of flow is conside red as 
turbulent and only density has an effect. Between Reynolds numbers 5 and 150, the 
region is a viscous-turbulent flow where both density and viscosity have an effect. The 
question to be answered in the present work is as follows: If data obtained fo r the 
correction factor curves can be used to determine the curve showing the relation be-
tween the discharge coe ffi cient and Reynolds number, where would it fa ll on the curves 
in Figure 3 I ? 
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The data for the actual gas rate in cubic feet per hour as a function of temperature 
for Type A burner set for a gas rate of 9 cubic feet per hour for a total pressure of 
30 inches of mercury, 60 ° F., gas cock temperature 75 ° F., and specific gravity 0.72 
are given in Table 37. In determining the Reynolds number for this orifice it m ust be 
remembered that the conditions are not ideal, for the orifice area could not be 
measured, because it was of the adj ustable type. However, by regarding the orifice as 
a fixed orifice, that would give a gas rate of 9 cubic feet per hour under the above 
conditions, comparable results may be obtained. 
From the data in Table 37 the discharge coefficient may be computed, for by 
definition the discharge coefficient K is equal to the ratio of the actual discharge to 
the theoretical discharge. The theoretical discharge in cubic feet per hour is given by 
the equation 
Q = 1658.5a yh!d (7) 
where Q, a, h, and d have the same units as in equation 1.2 Since the value of d 
will be affected by temperature, the theoretical discharge will increase with temperature. 
This was taken into account in computing K. The value of "a" used in computing the 
theoretical discharge was 0.00278 square inch. This is the area of a No. 53 drill. 
The change of discharge coefficient K with tempera ture is given in Figure 32. The 
change of both the actual gas rate and the theoretical gas fate with temperature is 
given in the same figure. 
I I , .. 
~ I/, 
.0 ~ I p/ AcTu ljOS Theor <T1< 
.9 + 
r-...o ra e 7 ~ ,asrar, 
I 
"" 
/ 
"' ~/ 
" 
.8 
'"' 
I 
"-r--. / 7 
"' 
I ~ " 
V y. 
6 r". I 
"' 
/ "- . 
~ / ~? I 
' ~ ~ / 
I V 
~, ~ / 
l l 
/v "'- "- I 
.7C a 
' 
Di,chorye~ b,__ 
/ oefflc1ent-K 
~--V 70 8. I 
• ~- w = m ~ ~ = ~ 
Gos Cock. Temperqture m Oe,1re e s r"t1hrenhed 
160 
I I.O 
0,9 
FIG. 32 .-Change of discharge coefficient with temperature, showing 
also actual and theoretical gas rates in cubic feet per hour. 
:!! The actual discharge is given by eq uation 1 (see p. 14) . 
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From Bureau of Standards Research Paper 49 it is pointed out that 
K = f(b,s, d , u ) 
where b = diameter of orifice 
s = average speed of flow 
d = density 
u = viscosity 
73 
(8) 
Since K is by definition a dimensionless quantity of zero dimensions, all of the 
terms in the brackets must be zero dimensions. The quantities b, s, d , and u do not 
satisfy these conditions and they can not therefore appear separately. H owever, they 
can be taken in combinations, each of w hich when taken as a whole will be dimen-
sionless. The expression 
bsd / u = R (9) 
will satisfy this requirement, as 1s evident upon substitution from the dimensional 
equations 
[b] = L; [s] = LT- 1; [cl] = ML--<l; [u] = ML- lT- 1 
and further there is no other combination which will satisfy this requirement. H ence, 
K takes on the more specific form 
K = F(bsd/u) = F(R) (10) 
R 1s called the Reynolds number. Since s = q / a, R may be written in the form 
R = 4qd/n:bu ( 11 ) 
Of these quantities the effect of temperature on b is so small that b may be considered 
as constant, and the variation of q with temperature can be found from Figure 32. 
The change in density with temperature may be computed from the usual equation 
for the relation of density to temperature. Finally, using the values of 0.000131 , 
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FIG. 33.-Discharge coefficient- Reynolds number 
curve for orifice of type A burner. 
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0.000136, and 0.000160 poises as the viscosity of the gas at 0 ° , 16 ° , and 100 ° C. 
respectively, intermediate points may be computed by Sutherland 's formula 
U t = uo(To + C/T + C)(T /To)'/ , (1 2) 
By this procedure R was computed and values of K were plotted against yn/ 4 
so that the results would conform to the same scale as used by Hodgson. This curve 
is shown in Figure 33. 
If K had been plotted against R, the value of K as a function of R would have 
taken the form 
K =0.39 1 +o.00llR ( 13 ) 
It is evident from the curve in Figure 33 and the equation fo r K that the orifice was 
operating in a region of flow that began to be turbulent-viscous soon after it left the 
viscous region. 
This analysis can not be considered to be worth more than an attempt to determine 
approximately the region of flow, principally because the data obtained were not of 
the type to be sufficientl y accurate to stand the test of precision work. The analysis 
is worth something inasmuch as it shows the effect tern perature has in making great 
change in gas rate when all other fac tors which might affect gas rate are kept 
unchanged . 
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